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THE ELECTROCARDIOGRAM OF 
NORMAL SCHOOL CHILDREN 


BY 


C. BRUCE PERRY, M.D., M.R.C.P.,* 


(From the University Centre of Cardiac Research, General Hospital, Bristol.) 


This investigation was undertaken to serve as a control to electrocardio- 
graphic observations on children of school age suffering from heart disease. 
We were particularly concerned to note the incidence of low voltage, bizarre 
and splintered Q.R.S. complexes, and of inversion of the T-waves. 

In 1913 Hecht! studied the electrocardiogram of children and concluded that all the deflec- 
tions were smaller in childhood, and the transmission time shorter, than in adult life. Krumb- 
haar and Jenks*® in 1916 studied the changes occurring in the electro cardiogram in normal 
infants, but their investigations did not extend far into school years. Seham* in 1921 studied 
the tracings of 101 children, aged from one hour to 13 years, these included 26 subjects aged 
6 to 13 years. In 1928 Lincoln and Nicholson* reported their findings in 222 normal children 
aged from 3 to 12 years in a very detailed paper. 

Technique.—The method of investigation adopted in the present series of 
children was as follows. Children selected by the school doctor as having 
normal hearts were picked out for examination. These were examined 
clinically for any evidence of disease. All those showing any abnormal 
physical signs, abnormal blood-pressure readings, or giving a history of rheumat- 
ism or chorea were excluded from the series. One hundred children, fifty 
boys and fifty girls, were examined. These were cardiographed in the sitting 
position, with non-polarizable immersion electrodes, and the galvanometer 
standardized so that one millevolt gave a deflection of 10 mm. 

Rate.—The average rate for the whole group was 92-6 beats per minute. 
For girls the average was 98-5 per minute, and for boys 86-8 beats per minute. 
Figure | shows the rate at different ages for the two sexes. There is a slight 
tendency for the rate to fall with increasing age, but this is not very marked. 
Girls have a slightly higher rate than boys. These figures are probably high 
on account of the nervous factor, through being examined with a strange 
apparatus. They are a little higher than Seham’s. Lincoln and Nicholson 
found a more definite decrease in the rate with increase in age, and their girls 
up to the age of seven years had a higher rate than boys, but from that age to 
twelve the boys had the more rapid rate, and over twelve years of age the girls 
again showed the higher rate. 

Rhythm.—Sinus arrhythmia, following Krumbhaar and Jenks’ standard, 
was considered present when the difference in the longest and shortest pulse 
periods was 0-1 seconds or over. This occurred in 72 per cent. of the cases and, 
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as shown in Table 1, was very largely a factor of the rate. There was no 
obvious agreement between age and the incidence of sinus arrhythmia. This 
agrees with Seham’s results, but he found sinus arrhythmia in only 47 per cent. 
of his cases from six to thirteen years of age, and Lincoln and Nicholson in 
62 per cent. As shown in Table 2 girls throughout show a lower incidence of 
arrhythmia, but this is probably to be explained by the higher average rate. 
In one case of a boy of thirteen years a single ventricular extrasystole was 
recorded. No other abnormalities in rhythm were detected. 


P-wave.—No changes in the P-wave, either with sex or increasing age, 


were noticed. The P-wave was on the average largest in lead II, and smallest 
in lead III. The average heights of P, and P, (1-2 mm. and 1-5 mm. 
respectively) exactly corresponded with Seham’s results, although slightly 
lower than those of Lincoln 
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Fira. 1.—Showing relationship between heart rate and age in the two sexes. 


2-5 mm. and this was the only one over 2-0 mm. _ In one case P, was absent, 
or so small as to be unidentifiable. The largest P, was 5-0 mm., and there 
were eight curves showing a P, of greater deviation than 2-0 mm. In lead ITI 
the largest P-wave found was 2-5 mm. In this lead P was absent in 16 per 
cent. of the cases and inverted in 8 per cent. 

P-R interval.—The average P-R interval showed no constant variation 
with age or sex, and the value varied in the three leads. The average in 
lead I was -142 seconds, in lead IT -148 seconds, and in lead IIT -146 seconds. 
This is less than the average adult P-R interval, an observation which agrees 
with that of Seham and of Lincoln and Nicholson, although both these workers 
obtained rather lower figures still. The shortest P-R interval recorded was 
-12 seconds, which was found in several cases, and the longest -18 seconds, 
which was found in lead IIT in three cases. 
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TABLE 1. 


SHOWING THE INCIDENCE OF SINUS ARRHYTHMIA AT DIFFERENT HEART RATES, 





Rate No. of No. of Percentage 
Cases with 8.A. with §.A. 





60-70 4 100 





70-80 100 





80-90 2 2 85 





90-100 ‘ 2% 76-6 





100-110 





110-120 





120-130 





130-140 





140-150 





TABLE 2. 


SHOWING AGE AND SEX INCIDENCE OF SINUS ARRHYTHMIA. 





Age: No. No. % No. No. % Total  % 
years of showing showing of showing showing; Total | showing | showing 


boys S.A. S.A. girls S.A. S.A. S.A. S.A. 
| 





2 2 100 3 ‘ 100 5 é 100 


66-6 ¢ y 66-6 











100 ¢ 33:3 





66-6 25 





80 70 





20 











All ages 50 
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Q.R.S. complex.—The only change noted with increasing age in the Q.R.S. 
complex was that at the age of five and six years there was a well marked Qs. 
This did not occur at any of the later ages, and would appear to represent the 
last remnants of the right ventricular preponderance of infancy. No marked 
difference in amplitude in the two sexes, such as was recorded by Lincoln and 
Nicholson was observed. Composite tracings for each sex, and the total at 
each age are shown in Figure 2 (A—I), and these show no significant variation 
apart from the change in Q, already noted. The tracings confirm the observa- 
tions of Lincoln and Nicholson, and of Seham, that the Q.R.S. was of low 
voltage (i.e., the sum of the deflections was less than 6 mm.) in lead IIT in all 
cases at seven years. In lead IIT the Q.R.S. complex showed notching, marked 
slurring or vibratory curves in 21 per cent. of the cases. In 16 per cent. this 
was associated with an inversion of the T-wave, which in two cases was also 
accompanied by an inversion of the P-wave. The largest Q-wave recorded 
was in lead IIT with a value of 5mm. Q was frequently absent in any of the 
leads. The largest R occurred in lead IT and measured 22 mm. The largest 
S was in a case showing marked left ventricular preponderance where its 

value in lead II was 12 mm. 

S-T interval.—Lincoln and Nicholson found a very short or absent iso- 
electric period between the S and T deflections, the T-wave often sloping 
directly off from the R-or S-wave. This investigation does not support their 
findings as most of the curves show quite a definite iso-electric period. The 
average duration of the 8-T interval (from the peak of the S-wave to the end 
of the T-wave) was, for lead I -262 seconds, for lead II -26l seconds, and for 
lead III -256 seconds. The longest S-T interval recorded was -32 seconds 
in all leads for a boy of thirteen, and the shortest -21 seconds in a girl of six. 
The 8-T interval tended to be rather shorter in girls than in boys, which agrees 
with sex difference noted by Bazett®. 

T-wave.—The T-wave did not vary constantly with age or sex to any 
appreciable extent. In leads I and II this wave was always directed upwards. 
In lead III the average of the whole group gave a value of—3 mm. for T, 
which was inverted in this lead in 54 per cent. of the cases and 
absent in 8 per cent. Seham found T, inverted in 15 per cent. of his cases, 
and Lincoln and Nicholson in 35-5 per cent. of theirs. This inversion of T, 
was associated with slurring or splintering of Q.R.S. in 16 of these tracings, 
and in addition the P-wave was inverted in 2 of them. This relationship is 
more clearly shown by the fact that of the tracings showing splintering or 
slurring of Q.R.S. in lead ITI, 14 (66-6 per cent.) showed an inverted T-wave. 
This corresponds to the association between these phenomena in adults pointed 
out by Pardee®. 

Electrical axis.—The direction of the electrical axis of the heart was 
calculated by the graphic method described by Carter, Richter and Greene’, 
who found the axis of the normal heart to lie between 40° and 90°. The average 
value of the angle of the axis in this series was 56-6°, and 78 per cent. of the 
cases fell between 40° and 90°. There was no relationship between age or 
sex and the electrical axis, 
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‘1G. 2. Composite electrocardiograms for each sex, and the whole at the different ages. 
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Conclusions. 


1. The incidence of sinus arrhythmia varies inversely with the rate of 
the heart. Other types of arrhythmia are rare in childhood. 


2. The P-R interval tends to be shorter in children than in adults. 


3. The Q.R.S. complex may be notched or splintered in lead IL with no 
clinical significance. 


4. This is frequently associated with inversion of T in lead IIT which occurs 
with such great frequency (54 per cent.) as to be almost the normal finding. 


5. Splintering of Q.R.S. and inversion of the T-wave does not occur 
normally in children except in lead ITI. 


6. There is no significant age change or sex difference in the clectro- 
cardiogram of children between the ages of five and fourteen years. 


In conclusion my thanks are due to Dr. R. A. Askins, the late Medical 
Officer of Health to the city of Bristol, for kindly allowing me to examine 
the children and for giving me much help and assistance, and to Dr. Wallace 
Jones for his kind advice over the electrical axis. 
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CONGENITAL ANOMALIES OF 
THE HEART IN ELEMENTARY 
SCHOOL CHILDREN 


BY 


C. BRUCE PERRY, M.D., M.R.C.P.* 


(From the University Centre of Cardiac Research, General Hospital, Bristol.) 


During the examination of a number of elementary school children 
referred by the school medical officer for an opinion on their cardiac condition, 
it was found that when those cases with no abnormal cardiac signs other than 
functional or hemic bruits had been eliminated two broad groups remained. 
Kirst, there were those cases presenting evidence of an acquired heart lesion, 
mostly rheumatic, with a few in which the cardiac abnormality followed an 
attack of diphtheria and one or two in which the condition was associated 
with renal inefficiency. The other group consisted of cases presenting various 
constant physical signs, strongly suggestive of a cardiac lesion, but of a con- 
genital rather than an acquired type. An attempt has been made, by means 
of clinical, radiographic, and electrocardiographic investigations, to see whether 
these cases possess any characteristic features, and if these methods would 
help in any way to distinguish them from cases of acquired heart disease. 


Clinical investigation. 


Classification. Symptoms definitely attributable to the cardiac defect 
were unusual in these cases, so that no classification based on them was prac- 
ticable. Neither did any well marked distinguishing features emerge from the 
radiographic and electrocardiographic examinations. Thus, although it was 
realized that physical signs provide very insecure evidence on which to base a 
diagnosis of the precise anatomical defect in congenital abnormalities of the 
heart, it seemed the best basis, in fact almost the only basis, on which to divide 
up these cases. It has been found possible to place every case in one of six 
groups each with its characteristic and peculiar physical signs. Further, these 
signs have remained constant in character in those cases which have been 
re-examined at intervals over periods as long as three years. This, therefore, 
is the basis on which these cases have been studied. 

trouP 1.—This is composed of those cases in whom the common physical 
sign is a systolic murmur, varying in intensity, but maximal at the inner end 
of the 3rd and 4th left intercostal spaces. In some cases the murmur is audible 
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all over the precordia but is never heard in the back. There may be also a 
central systolic thrill which is sometimes accentuated when the patient is 
examined in the crawling position, as described by Vaquez!. It seems probable 
that the underlying anatomical defect in these cases is a patency of the inter- 
ventricular septum. 

Group 2.—The signs characterizing the cases forming this group differ 
from the preceding only in that the murmur is conducted through to the left 
side of the back. These are the classical findings in patency of the inter- 
ventricular septum or ‘maladie de Roger.’ Apparently the defect in this 
group differs from that in Group | either in the situation or size of the opening 
in the interventricular septum, with the result that the bruit is conducted 
through to the back as described. 


xRouP 3.—The feature peculiar to this group is a systolic murmur, 
usually associated with a thrill, maximal at the pulmonary area, but heard also 
above and to the left of this and in the left back, and in many cases all over the 
precordia. Most of these cases also exhibit an accentuation of the second 
sound at the pulmonary area. These signs, with the exception of the accentua- 
tion of the pulmonary second sound, correspond closely with those usually 
found in that combination of defects known as the * tetralogy of Fallot’ (i.e., 
pulmonary stenosis with dextro-position of the aorta and patency of the inter- 
ventricular septum). However, most observers have recorded a diminution 
rather than an accentuation of the pulmonary second sound in this condition. 

Group 4.—The physical signs of the cases forming this group differ from 
those found in Group 3 in that the murmur is not audible in the back, although 
otherwise substantially the same. Again but for the accentuation of the 
pulmonary second sound these signs agree closely with those usually regarded 
as indicative of a pulmonary stenosis. 

Group 5.—The sign presented by the children in this group is a loud general 
systolic murmur, maximal at the pulmonary area, where it becomes con- 
tinuous with a lower pitched diastolic murmur producing a continuous 
‘machinery ’ or‘ humming top’ hum. The systolic part of the bruit is audible 
in the left back and the pulmonary second sound is accentuated. None of 
these cases showed ‘ Gerhardt’s dullness.’ These signs are fairly typical of a 
patent ductus arteriosus. 

Group 6. The cases in this group present a soft general systolic murmur 
which becomes much more marked at the aortic area and is conducted up into 
the neck along the carotids, and into both sides of the back. In most of the 
cases, also, it was audible over the axillary artery. The apex beat in these 
children is rather shock-like on palpation and the first sound at the apex is 
accentuated. This combination of signs is strongly suggestive of a sub-aortic 
stenosis. 

The incidence of symptoms and other clinical features of these six groups 
is shown in Table 1. 

Discussion.—High colour noted in a child is obviously a very vague and 
indefinite symptom. The only other symptoms definitely observed were 
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cyanosis and clubbing of the fingers. Cyanosis and dyspnoea on exertion 
must depend largely on the history obtained from the mother. 

The * attacks,’ called by the parent’s * heart attacks,’ are puzzling. The 
child is said to go pale, be dazed for a time and recover by a fit of erying. 
None were observed but they are rather suggestive of petit mal, and one child 
in the series was definitely epileptic. As is seen in Table 1, definite, well 
marked symptoms were rare, but were commonest in Group 3, while Group 6 
is noteworthy for the complete absence of all symptoms. 

Disability resulting from the cardiac condition has been estimated in terms 
of school life. Games and drill were prohibited in the presence of cyanosis, 
cardiac enlargement obvious clinically, or a definite history of easily provoked 


TABLE l. 


THE INCIDENCE OF SYMPTOMS AND DISABILITY, GIVEN IN PERCENTAGES. 





Symptoms Disability 


| 
| 





Total number 


Group 
colour 
Cyanosis 
Cyanosis 
on 
exertion 
Dyspneoea 
exertion 
‘Attacks’ 
Clubbed 
Total 
with 
symptoms 
Normal 
school 
School but 
no games 
or drill 
No school 


High 





97-3 


I] 
~lI 





5 100-0 —— 20-0 - - ~ 100-0 





46-1 28-2 








26 38-4) 61:5 = 23-0 





7 | 42-8 | 57-1 | 428 





5 60:0 40-0 





119 554 445 19:3 3:3 ' ‘ “2 1-6 2: 2: 6:7 





dyspneea. It is interesting to see that over 25 per cent. of the children with 
a patent ductus arteriosus fall into this category, especially when this is com- 
pared with the percentage of 6-7 per cent. for the whvle series. It is likely 
that some of these restrictions were imposed unnecessarily, as I have learnt 
that one child so advised on account of cardiac enlargement, won several races 
in the school sports last summer with no ill effects. The only child excused 
school attendance altogether was deeply cyanosed and dyspneeic, with marked 
clubbing of the fingers, and capable of very little exertion without distress, 

Conclusions.—Definite symptoms are rare in these cases and disability to 
any appreciable extent occurs in less than 8 per cent. The best index of 
disability lies in a consideration of symptoms and not in the interpretation of 
the physical signs. 
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Radiographic investigation. 


Radiograms of the chest were taken at a distance of 6 feet at the end of 
normal inspiration. These have been measured and the * cardio-thoracic ratio ’ 
calculated according to the method of Martin?. Any peculiarity in the shape of 
the cardiac shadow found fell very closely into the groups described by Lincoln 
and Spillman in their investigations of normal children. The distribution of 
these types was much the same as found by these workers, and there was no 
marked incidence of any particular shape of heart in any group or in the series 
as a whole. Occasionally changes in the shape of the heart were noted with 
increase of age, as was also found in the normal children. 

The salient radiographic findings are shown in Table 2. 


TABLE 2. 


MAIN RADIOLOGICAL FINDINGS, IN PERCENTAGES. 





Cardio-thoracic ratio Peculiarities of shape 





Total Pulmonary conus 
Group number 


. ——— Prominent 
Below 45-50 50-55 Over Very left 


5d Prominent prominent ventricle 





56-7 32-4 





40-0 20-0 








58-0 15:3 


42:3 30-7 

















Total) 119 





Discussion.—Prominence of the pulmonary conus is not by any means 
diagnostic of an anomaly of the heart, since Lincoln and Spillman? found it in 
21-3 per cent. of their normal children, and the incidence in this series (26-8 
per cent.) is little higher than that. The cases classed as showing a very 
prominent pulmonary conus present much more accentuation of this curve in 
the radiograms than the most marked case found by the above mentioned 
authors in normal children. It is probable, therefore, that such an extreme 
prominence of this portion of the cardiac shadow as shown in Fig. | is always 
indicative of an organic disease of the heart. That this lesion is not necessarily 
congenital in origin is shown by the case reported by Schwartz and Shelling* 
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in which a rheumatic process produced an even more extreme dilatation of the 
pulmonary artery. The X-ray examinations confirm the comparatively slight 
significance of the lesions in Groups | and 2 deduced from the clinical findings, 
since none of these cases shows any severe degree of cardiac enlargement. 
No gross enlargement of the right side of the heart was found in any case but 
the radiograms revealed enlargement of the left ventricle, clinically unsuspected, 
in two of the cases of sub-aortic stenosis, thus confirming this interpretation 

















Skiagram of a case in Group 3, showing marked prominence of the pulmonary 
conus, 


of the physical signs. Apart from this the radiographic investigation failed 
to throw much light either on the underlying anatomical defect or on the 
differential diagnosis between these and acquired lesions of the heart. 


Conclusions.—Although a radiogram of the chest may reveal more (or less) 
cardiac enlargement than is expected clinically, it is not of great help in the 
diagnosis of the conditions under consideration. 
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Electrocardiographic investigation. 

















Klectrocardiograms were taken with the patient sitting, using non- 
polarizable immersion electrodes and a standard Cambridge galvanometer. 
These tracings have been examined with special reference to the P-R interval, 
amplitude of the Q.R.S. complex, and the duration of the S-T interval. Further, 
the electrical axis of the heart has been calculated by the method described by 
Carter, Richter and Greene®. Table 3 shows the electrocardiographic features 
so obtained. 


TABLE 3. 


INCIDENCE OF THE MAIN ELECTROCARDIOGRAPHIC FINDINGS, IN PERCENTAGES, 
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Total 119 | 4:2 94:9 | 3:3 1-6 16:8 17-4 16 | 93:2 | 6-7 1-6 53-7 1-6 21:9 | 61:3 | 168 








Discussion.—The inversion of the P wave in lead III in a few cases is of 
no significance as it was found in 8 per cent. of our series of normal children (6). 
Prolongation of the P-R interval was confined to Groups | and 3, in both of 
which it is supposed from a consideration of the physical signs that there is 
present a patency of the inter-ventricular septum. The finding of a partial 
heart block supports this view and suggests that in these cases the auriculo- 
ventricular bundle has been involved in the septal deficiency. No case of 
complete block was found. The increased amplitude of the Q.R.S. deflection 
found in 16-8 per cent. of all these cases is interesting, and it would appear that 
such a finding, in the absence of any marked preponderance of one or other 
ventricle, is suggestive of a congenital defect. Seham’ made a similar observa- 
tion in 2 of the 16 cases which he reports (12-5 per cent.). Seham also found 
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that splintering of Q.R.S. occurred frequently in congenital abnormalities of 
the heart, but the significance of this change in lead III would appear doubtful 
since we have found it in 21 per cent. of our normal children*. However, 
in 1-6 per cent. of this series it was associated with a splintering of this complex 
in lead IT also, and this association may have some significance since it was 
found in none of the normal children. Seham in the paper already mentioned 
suggests that a prolongation of the S-T interval is characteristic of congenital 
heart disease. In this study 0-30 seconds has been regarded as the highest 
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Fic. 2. Electrocardiogram of a case in Group 3. 


normal duration of this phase and it is seen that only 6-7 per cent. of the cases 
exceed this figure. Thus the present investigation lends little support to 
Seham’s conclusion. In two cases in Group IIT the 8-T interval was raised 
in lead I and lowered in leads IT and IIT, and this was associated with a large 
amplitude of Q.R.S. in all leads and inversion of T in leads IIT and III. The 
tracing thus produced (Fig. 2) is almost identical with one figured by Abbott$ 
from a case of pulmonary stenosis with defect of the interventricular septum 
and dextro-position of the aorta. These tracings are very reminiscent of some 
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seen following occlusion of one of the main branches of a coronary artery. 


The frequency with which T was inverted in lead IIT (53 per cent.) is almost 
identical with that found in normal children (54 per cent.) although rather 
more than that found by Lincoln and Nicholson® (35-5 per cent.) 

The incidence of right ventricular preponderance is strikingly low—only 
16-8 per cent. of the whole series. But of these 80 per cent. occurred in Group 8, 
thus confirming the conclusion to be drawn from the clinical and radiological 
investigation that it is in this group that the right side of the heart is most 
affected by the congenital malformation. However, none of these changes 
occur with sufficient frequency, either in the whole series or in any individual 
group, for them to afford much assistance in the diagnosis of these conditions. 
Where marked right ventricular preponderance or gross abnormalities were 
found, the patient was generally cyanosed or dyspnoeic, and the diagnosis 
quite clear on clinical grounds alone. 

Conclusion.—There is no characteristic electrocardiogram of congenital 
heart disease, and electrocardiography has proved of little value in the 
diagnosis and differentiation of these minor congenital abnormalities of the 
heart. 


In conclusion my thanks are due to Dr. Carey Coombs for his help and 
advice ; to Dr. F. G. Bergin and Dr. G. B. Bush, radiologists to the Bristol 
General Hospital, for the radiograms ; and to Mr. C. Prout and Mr. H. Wake- 
field for their technical assistance. 
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THE VALUE OF ALKALI IN 
SALICYLATE THERAPY 


BY 


NOAH MORRIS, M.D., and STANLEY GRAHAM, M.D. 


(From the Department of Pediatrics, University of Glasgow, and the Wards 
and Biochemical Laboratory, Royal Hospital for Sick Children, Glasgow.) 


By virtue of their ability to control the arthritis of acute rheumatic fever, 
the salicylates have received a well-recognized place in the treatment of the 
rheumatic infection. Maclagan! of Dundee in 1874 commenced the use of 
salicin, a glucoside of salicylic acid. To Stricker?, however, working in Traube’s 
clinic in 1876, is given the credit of having first recognized the value of sodium 
salicylate. Broadbent’ in the same year also wrote enthusiastically in favour 
of its use, and it is interesting to note that even at this time the value of the 
larger doses was appreciated, Broadbent recommending 7} to 20 grains hourly. 

In 1908 Lees! spoke of the salicylates as specific in the cure of rheumatism, 
believing that the failure to obtain good results was due to the smallness of the 
dose. He also emphasized the necessity of giving alkali in addition and, while 
recognizing that the tolerance of the patient was greatly enhanced by this 
procedure, stated that the alkali was of benefit because it neutralized the 
toxins elaborated by the infecting agent and because the bicarbonate per se - 
tended to lessen the degree of cardiac dilatation. This idea of salicylate being 
‘as specific to rheumatism as quinine is to malaria or mercury to syphilis’ 
was not wholly accepted even at that time, and at present the general view 
of the value of the salicylates in rheumatism would appear to be that they are 
specific only for the arthritis but have no influence on the other manifestations 
such as carditis, chorea, ete. 

Signs and symptoms of intolerance to salicylates are not infrequently 
observed, especially where the larger doses are given unaccompanied by alkali, 
and hence the use of alkali in equal or greater amounts than that of the salicyl- 
ate employed has achieved a certain amount of popularity in the prevention of 
the toxic manifestations. In the writers’ opinion, the value of the combination 
of salicylate and alkali would seem to have been definitely proved by routine 
clinical work. Nevertheless certain observers still deny the necessity of the 
use of alkali. In a comprehensive monograph on the salicylates written in 
1924, Hanzlik® categorically asserts that alkalis do not prevent or modify the 
appearance of toxic symptoms, and that the absence of toxic symptoms means 
absence of therapeutic efficiency. He quotes Meara® as stating that the use 
of alkali ‘ is directed more by tradition than rationale,’ but Meara was discussing 
the alkali treatment of rheumatism rather than the beneficial effect of the 
addition of alkali to sodium salicylate. 
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At the Royal Hospital for Sick Children, Glasgow, it has been the custom 
to give sodium salicylate combined with twice the amount of sodium bicarbonate 
to every rheumatic patient during residence in hospital. The dosage of salicy]- 
ate usually employed is 15 grains four-hourly, or 90 grains daily ; occasionally 
20 grains four-hourly (120 grains daily) were given. With these doses signs of 
intolerance are seldom observed. Vomiting is the only one which may be said 


TABLE 1. 
SHOWING TOLERANCE OF CHILDREN TO SODIUM SALICYLATE WITHOUT SODIUM BICARBONATE. 


| | | 
Age | Daily dose of — | Duration of | Other signs 
- | <7 | ' =r - kao 
Name | Years Sod. Salicyl. treatment. Vomiting of 





Acetonuria 


Grains intolerance 





nil nil 





nil nil 





nil nil 





nil nil 





J.McL. | nil When 


vomiting 


occurred, 





on 2 


occasions. 





occasion- 


ally. 





Tremor, last day. 
nervousness, 


acidosis. 


JAS, Nervousness, last day. 


headache, 


depression. 








rr 

r'remor, 
nervousness, | 
headache. | 


| 
| 


W.P. | 
| 
| 





*This patient vomited twice before commencement of sodium salicylate administration. 


to occur with any frequency and if Langmead’s’ advice is remembered and 
the bowels kept freely open, it is rare that any intermission of the drug therapy 
is necessary. There are, of course, cases in which there does seem to be a special 
idiosyncrasy to salicylate just as occurs with many other drugs, e.g., arsenic 
and morphine. In these circumstances it is advisable to commence with 
smaller doses which can be gradually increased till the usual amounts are 
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reached. Aspirin is thought by some to be tolerated better than salicylate of 
sodium, but actually the tolerance would appear to be related to dosage rather 
than to the particular form of salicylate used. 


Clinical observations of the value of the added alkali.—A logical method 
of testing the value of the added sodium bicarbonate seemed to be to give 
certain patients salicylate alone and observe the ill-effects, if any, produced ; 
then to add bicarbonate and note any diminution or alleviation of the toxic 
manifestations. It was soon found that 60 grains daily was the maximum 
amount which, without the addition of alkali, could be tolerated by the average 
child without toxic signs appearing. 50 grains daily in no case produced any 
ill effects, but 60 grains not infrequently produced slight vomiting which was 
not always attributable to constipation (Table 1). 

If the daily amount was increased to 90 grains, signs of intolerance were 
invariably produced in 3 to 5 days, and in some cases these were of a 
severe and alarming nature. Vomiting was a constant and early sign and 
usually preceded all other manifestations of salicylism. Drowsiness and 
confused mental states or mental torpor occurred in some. Many became 
apathetic and disinterested, the speech in one instance was thick and slurring. 
Air-hunger of greater or less severity, but not necessarily in proportion to the 
other signs, occurred in all cases and sometimes to a marked degree ; this was 
the typical acyanotic dyspnoea which is known to be associated with an acidosis 
of the acid-poisoning type. Acetonuria was present in the majority of the 
cases, but was never extreme and in a few cases was entirely absent. Tinnitus, 
strangely enough, was not troublesome and in the present investigation was 
not complained of by any of the patients. This manifestation, however, has 
occasionally proved troublesome in some patients receiving both sodium 
salicylate and sodium bicarbonate in the routine way. All the above signs and ° 
symptoms disappeared rapidly on discontinuing the salicylate, or on the 
addition of twice the amount of bicarbonate. 

[t is an interesting and practical observation that in those cases to whom 
salicylate and bicarbonate had been previously given, the signs of poisoning 
on omitting the alkali either did not. develop, or if they did were not as severe 
as in those to whom no alkali had previously been given. From Table 2 it will 
be seen that of the 9 patients to whom sodium salicylate and sodium bicarbonate 
had previously been given, 4 showed no toxic symptoms, in 5 vomiting occurred 
and in only | were there headache and depression. The last child, it is interesting 
to note, had only had the alkali combined with the salicylate for a short period 
of 7 days. 

It seems indisputable, then, that whatever els2 the alkali may do, it is 
extraordinarily valuable in preventing the development of the signs and 
symptoms of salicylate poisoning. So striking is this that, in our opinion, it is 
unjustifiable to prescribe large doses of salicylate without giving in addition 
sodium bicarbonate. 

The nature of the toxic manifestations.—There is considerable difference 
of opinion regarding the nature of the toxic manifestations caused by the 
salicylates. Certainly the clinical picture of a moderately severe case is that 


B 





276 ARCHIVES OF DISEASE IN CHILDHOOD 


of a non-gaseous acidosis. There is definite air-hunger, the deep and frequent 
respirations being in some instances readily heard on entering the room. The 
beneficial effect of alkali would lend considerable support to this view, but so 
far no unequivocal evidence has been adduced to substantiate this. Hanzlik5 
does not consider the reaction to be of the nature of an acidosis, but none of 
his objections are incompatible with such a disturbance. He draws a com- 
parison between salicylate poisoning and the condition seen in diabetic acidosis 


TABLE 2. 


SHOWING BENEFICIAL INFLUENCE OF PREVIOUS ADMINISTRATION OF SODIUM BICARBONATE 
ON TOLERANCE OF CHILDREN TO SODIUM SALICYLATE. 





Duration of Duration of 
administration administration Other signs 
Name | Age: of Sod. Sal. Vomiting of Sod. Sal. Vomiting of 
Years gr. 90+ Sod. gr. 90. intolerance 
Bic. gr. 180. 
Days Days 





A.McG. 80 28 


J.W. 18 








33 Once on 
6th day. 





nil 





nil 





Once on 
2nd day. 





Once on 
8th day. 





Twice. 





Twice on Headache, 
5th day. | depression. 
Twice on 


6th day. 





which he puts down to the action of certain enol acids. He finds air-hunger 
and acetonuria, but because there is no shift in the hydrogen ion-concentration, 
concludes that there is no acidosis. 

The behaviour of the CO, content of the blood.—The oral administration 
of sodium salicylate alone in doses amounting to 90 grains daily produced a 
marked fall in the CO, content of the blood in every instance. The extent of 
this diminution is shown in Fig. 1. In all cases in which the blood was examined 
the fall was to a figure below 40 vol. per cent. With values between this and 
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35 vol. per cent. symptoms such as vomiting and mild air-hunger began to 
appear. At 30 vol. per cent. symptoms were invariably present and frequently 
severe. On discontinuing the drug the blood fairly quickly returned to normal. 

A fall in the CO, content of this extent must mean either the development 
of a non-gaseous acidosis or a gaseous alkalosis. If the air-hunger be secondary, 
and we believe it is, then the condition must be a non-gaseous acidosis. Changes 
in the pH of the blood do not necessarily have to be demonstrated in order to 
diagnose a state of acidosis. The differentiation of compensated and uncom- 
pensated states depends on the sensitivity of the method of determining the 
pH more than anything else. 

Changes observed in the urine.—It has long been known that albuminuria 
occasionally appears during salicylate administration. This naturally leads 
to the assumption that salicylates damage the renal cells. Hanzlik and his 


FIGURE lL. 
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EFFECT OF SODIUM SALICYLATE ON CO, CONTENT OF BLOOD. 


co-workers have published results which indicate a diminution in renal func- 
tional efficiency. We studied in three cases the changes which occurred in the 
urine as the result of salicylate administration with and without the addition 
of alkali. 

The urine was collected from each patient for 3 periods of 6 days each. 
The first was a pre-period, during which time no drugs were given. During 
period IT sodium salicylate (six doses daily of 15 grn. in one, and 10 grn. in 
the other two cases) was given; and during period III, the same amount of 
salicylate with twice the amount of sodium bicarbonate. During all three periods 
the diet, consisting of measured amounts of milk and sugar, was kept constant. 
In no case was there any loss by vomiting. These results are tabulated in 
Table 3. 

From our investigations many interesting facts emerge, the most striking 
being the fall in the ammonia coefficient of the urine during period II. As is 
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well known a rise in this figure would be expected if the condition were an 
acidosis of the acid-poisoning type, and the fact that in each of the three cases 
there was a slight but distinct fall would appear to point to impaired renal 
function. It is of interest to mention here that one of us (N.M.) has recently 
had an opportunity of investigating a patient with cyclical vomiting during 
the course of an attack, and contrary to what was expected a distinct fall in 
the ammonia coefficient was observed at the height of the vomiting, although 
the CO, content of the blood was very low. During period ITI, as expected, 
the fall was pronounced. Further investigation strengthens the suspicion of 
impaired renal efficiency. In two of the subjects there was roughly a 20 per 
cent. reduction in the volume of urine excreted during period II ; in the third 


TABLE 3. 


CHANGES OBSERVED IN THE URINE AS A RESULT OF ADMINISTRATION OF SODIUM SALICYLATE 
WITH AND WITHOUT SODIUM BICARBONATE. 





| 


| | 

Titratable | Total | NH,N x 100 
Name) Period | Volume | acidity in | Ammonia Nitrogen. —$—____— Urea NeCl 
in c.cm. | ¢c.cm. N/10 in grm. Total N. 


grm. grm. grm. 





0-378 9-31 18-81 2-780 
0-311 8-22 3° 13-24 1-906 
0-100 8-081 “2 15-66 2-425 





0-291 8-49 3: 15-85 2-093 
0-231 7:68 15-43 
0-062 8-18 15-97 





0-344 ‘92 15-99 
0-189 ‘41 2: 13-11 
0-052 8:03 16-59 





Period I No medication. 
Period II =Sod. salicylate. 
Period III=Sod. salicylate+ sod. bicarbonate. 


case there was no change. It is worthy of note that in all three instances the 
addition of the alkali resulted in a marked increase of urinary volume. The 
urea output also was diminished in the second period and increased by the 
addition of the alkali. The total nitrogen of the urine was similarly affected, 
while evidence of chloride retention on salicylate alone is very definite. It 
may well be that the fall in CO, of the blood and tissues is responsible for this 
retention of Cl in order to compensate for lost CO,, but the other observations 
lend more support to diminished renal activity being the causal factor. The 
urea-concentration test (15 grm. urea given) also gave corroborative evidence 
(Table 4). Here again the alkali restored the urea-concentrating power of the 
kidney to a normal level. Blood examination did not reveal any positive 
indication of kidney damage. The non-protein nitrogen and chlorine content 
were as far as we found always within normal limits. Hanzlik states that 
while the non-protein nitrogen of the blood is somewhat diminished the urea 
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TABLE 4. 


SHOWING EFFECT OF ADMINISTRATION OF SODIUM SALICYLATE WITH AND WITHOUT 
SODIUM BICARBONATE ON UREA-CONCENTRATING POWERS OF KIDNEY. (UREA 
CONCENTRATION TEST). 





Name 








Period 





©, of urinary urea before administration of 


urea ... _— cee _ ge cay 1-56 





° of urinary urea one hour after administra- 
tion of urea 15 grm. 





°,, of urinary urea two hours after adminis- 
tration of urea l5grm. ... bse ... | 1-44 2:86 . “f 1:24 3-01 





nitrogen is increased. He also maintains that the impairment of kidney function 
occurs equally with and without the use of alkalis. Our results with the urea- 
concentration test (Table 4), as well as the improved urinary output of those 
patients receiving sodium bicarbonate as shown in Table 3, would appear to 
warrant the statement that sodium bicarbonate protects renal function. 
Albuminuria to us seemed of much more common occurrence when the patients 
were on salicylate alone. 

Gastric secretion.—In view of the retention of chlorine resulting from 
administration of the salicylate alone, the effect on the gastric secretion of 
hydrochloric acid was studied. Leichentritt® found that after the administra- 
tion of sodium salicylate to dogs there occurred a definite increase in the volume 
of the gastric secretion. Veil and Graubner®, on the other hand, report cases 
in which one dose of a salicy] compound inhibited the formation of hydrochloric 
acid in the gastric juice. Our own results (Table 5) are inconclusive. It s2ems 
clear, however, that the secretion of acid is not necessarily prevented by 
salicylate, and that the diminished chlorine output in the urine cannot be 
explained by excessive secretion of gastric juice. 


TABLE 5. 


SHOWING EFFECT OF ADMINISTRATION OF SODIUM SALICYLATE WITH AND WITHOUT 
SODIUM BICARBONATE ON THE GASTRIC SECRETION OF HCl FoLLOwING EWALD 
TEST MEAL. 





Name 





Period 





c.em. N/10 HCl in 100 c.cm. gastric juice 








280 ARCHIVES OF DISEASE IN CHILDHOOD 


Response to glucose and alkali—It has been stated by Hanzlik® that 
the symptoms of salicyl poisoning resemble those occurring in diabetic acidosis. 
He quoted references to states of ketosis occurring in poisoning from methyl 
salicylate and mentioned the observation of Hurtley and Trevan!® on the 


similarity of the symptoms produced by intravenous administration of salicylate 
and sodium aceto-acetate. He brought forward the fact that salicyl gives a 
similar colour reaction with iron as does aceto-acetate as suggestive of the 
common cause of both types of intoxication. 

It is true that occasionally acetone appears in the urine during administra- 
tion of salicylate, but even in severe cases of poisoning it is by no means a 
constant constituent of the urine, and when present, it is rarely in greater 
amount than is indicated by a mild Rothera reaction. It may be urged that 
the impaired function is the cause of its non-appearance in quantity in the 
urine. The work of Myers and Ferguson! indicates quite clearly that both 
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EFFECT OF GLUCOSE AND NaHCO, IN PREVENTION OF FALL IN CO, CONTENT OF BLOOD. 


in rabbits and man administration of sodium salicylate leads to little change in 
the percentage content of acetone bodies in the blood, although some of the 
rabbits received fatal doses of salicylate. The fact that acetone was said to 
play a part in the production of symptoms led us to investigate the effect of 
salicylate administration on the blood sugar as well as the influence of glucose 
ingestion in the prevention and amelioration of symptoms. 

The fasting blood sugar was invariably higher during the period of salicylate 
ingestion, by about 15 per cent. It would seem, therefore, that there isavailable 
in the blood-stream a sufficiency of glucose. It is possible that owing to the 
action of salicylate the tissues are unable to make use of this glucose. This, 
however, is improbable and a much more likely explanation would appear to 
be a toxic action on the liver, by which that organ is rendered less capable of 
storing food material. This would explain not only the rise of fasting blood 





THE VALUE OF ALKALI IN SALICYLATE THERAPY 981 


sugar but also the slight excretion of acetone bodies, since the liver also acts 
as a reservoir of fatty acids. It is also interesting in this connection to draw 
attention to the diminution in the formation of urea. 

If there is any basis for the suggestion that ketone bodies play 2 part in 
the production of the symptoms of salicyl intoxication one would expect that 
the administration of glucose would have an inhibitory effect. In Fig. 2 is 
shown the effect of this on the blood CO, content. Each patient was given 
50 grammes of glucose daily for a period of about 6 days; thereafter sodium 
salicylate was administered in 15 grain doses six times daily while the glucose 
was continued. In each instance symptoms developed and the total CO, 
content of the blood fell just as quickly in those cases where no glucose or 
bicarbonate had been given previously or simultaneously. This chart also 
illustrates the variability of the acetonuria which was absent in two of the 
three cases. As the giving of glucose exerts not the slightest beneficial effect, 
it seems justifiable to infer that the symptoms are not necessarily associated 
with incomplete fat oxidation. In the mineral acid poisoning type of acidosis, 
such as one sees after the administration of HCl or acid-producing salts 
(CaCl, and NH,Cl), glucose has no influence in preventing or lessening the 
symptoms. One is inclined to deduce from the results of these investigations 
a similarity between the nature of salicylate acidosis and that caused by such 
a substance as calcium chloride. 

It has already been shown that the combination of sodium bicarbonate 
with the salicylate is effectual in lessening the impairment of renal function 
and in the great majority of patients preventing the onset of symptoms. 
Fig. 2 (C) shows that the addition of sodium bicarbonate in 30 grain 
(2 gramme) doses to salicylate on the sixth day resulted in a rapid return of 
the blood CO, to normal and a disappearance of symptoms. This a!so is very 
similar to what occurs in the alkali treatment of CaCl, over-dosage. 


The excretion of salicylate.—In searching for the reason why the sodium 
bicarbonate is effectual in the prevention of the signs and symptoms of salicylate 
poisoning, the question of the rate of excretion of the drug with and without 
the addition of sodium bicarbonate naturally arises. The urine from periods II 
and III of the three children on metabolism was analysed quantitatively for 
salicylic acid. The faces were also examined in one case but a negligible 
amount was found. These results are given in Table 6. The giving of the 
alkali increased the excretion of salicylic acid by the urine two or four fold, 
and it seems impossible to avoid the conclusion that this increased rate of 
excretion is a potent factor in the beneficial effects of the alkali. 

The amount of sodium salicylate in the blood of these three cases at the 
end of a night’s fasting was estimated once during each period (Table 6). Free 
salicylic acid was never found except in traces, the drug always being present 
as the salt. The addition of the alkali also increased the salicylate content of 
the blood two to four times. The increase in the blood and the increased rate 
of excretion, however, do not necessarily go parallel. In the case of 8S. the 
blood salicylate content was increased seven fold in the third period, but the 
rate of excretion was only doubled. This observation, however, is not of great 
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significance since the blood estimations were not done more than once and 
consequently the variations are not known, but it might be taken as suggesting 
that there are other factors, for example, kidney damage, as well as the ‘ head ’ 
of salicylate influencing the rate of excretion. Hanzlik’s!*:13 findings are con- 
trary to ours. He was unable to demonstrate any difference in the duration 
or rate of excretion by the addition of alkali. Fleischer, however, stated that 
sodium bicarbonate shortens the period of elimination from 36 to 14 hours, 
and Ehrmann? obtained similar results. 


TABLE 6. 


INFLUENCE OF SODIUM BICARBONATE ON THE URINARY EXCRETION AND BLOOD-CONTENT 
SODIUM SALICYLATE, 





Name ... oN ave a es ] Ss 





Period ... = - on a II III | ne 08 





Total amount of sod. sal. giveningrm. | 23-33 23°33 23-33 23:33 34-99 34-99 





Total amount of sod. bic. given in grm. 46-66 46-66 — 69-98 





Total amount of sod. sal. excreted in 
grm. ... skis cas re ‘we 6:069 20-25 . 21-33 13-17 27-9] 





% of sod. sal. excreted asi -- | 26-0 86-8 28- 91-4 37-6 80-0 








Salicylate content of blood in mgrm. 
per 100 c.cm. ve bas ae . “f 13-0 13-0 94-0 





Discussion. 


The question of the production of an acidosis in the poisoning by salicylate 
can, we believe, be answered in the affirmative. The clinical picture, the 
behaviour of the CO, content, and the response to alkali, point very convincingly 
to this. The fact that renal function is impaired seems also quite definite 
and this is, in our opinion, the explanation of the reduced ammonia coefficient, 
since it is well recognized that the kidneys are the site of the formation of 
ammonia. 

If there is an acidosis the question arises as to the nature of the excess 
acid. Although in this investigation the salicylate was always given as a 
neutral salt one naturally turns to the salicylic ion as a possible cause. The 
fact that this acid is present in the blood in greater abundance in the alkali 
period, in spite of the absence of symptoms, is itself strong evidence against 
it being the excess acid. Further, the amount found to be present during the 
low CO, period is quite insufficient to compensate as a base-holding substance 
for the deficit in CO,. The maximum amount of salicylic acid which we found 
in the blood during the presence of toxic symptoms amounted to 13 mgrm. 
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per cent., which is equivalent to 0-00094 mol. per litre. This amount would 
only account for a diminution in the CO, of 2-1 vol. per cent., whereas the fall 
in CO, amounted to more than 20 vol. per cent. It is clear therefore that the 
fall in CO, is not merely the result of its replacement by salicylic acid. 

The other alternative is the presence of an excess of acid produced as a 
result of disordered katabolism. Moderate increase of lactic acid has been 
observed in cats and rabbits after intravenous administration of salicylate 
preparations. Johnston!® who noted this could not correlate the lactate 
increase with the change in the alkaline reserve. There is strong evidence, 
however, of abnormal protein katabolism with the resultant production of 
acid nitrogenous substances. Unfortunately the partition of nitrogen in the 
urine was not studied, but it is clear from the figures presented that urea 
forms in two of the three subjects a much smaller proportion of the urinary 
nitrogen during the period when salicylate alone was given than in either of 
the other two periods. This cannot be explained by an increased formation of 
ammonia which was decreased in amount, absolutely as well as relatively. 
One possible explanation would be that owing to the action of the salicylic 
ion the process of de-aminization is inhibited, with a resultant increase of 
amino-acids in the blood. If to this is added the effects of impaired renal 
function, it might explain the excess acid accumulation leading to dyspnoea 
and a low CO, content of the blood. 

[t is more than likely, too, that all the toxic symptoms and signs are not 
due to the presence of an acidosis. The delirium, speech disturbances, apathy 
and lassitude might quite well be the direct result of the salicylate itself or some 
of the compounds formed with it. Indeed, it seems more than probable that 
salicylate disturbs the metabolism of all the tissues just as has been demon- 
strated in the case of liver and kidney. Accordingly the nervous phenomena 
described can be more justifiably attributed to a direct action on nervous 
tissue than to the effects of acidosis. Both the acidosis and the manifestations 
of nervous involvement are concomitant phenomena, and it would appear 
that the extent to which the CO, is lowered is a very good index of the degree 
of general disturbance of the tissues. 

Whatever may be the immediate cause of the toxic symptoms it is beyond 
dispute that administration of alkali effectively prevents in the vast majority 
of individuals the onset of clinical symptoms or chemical changes of poisoning. 
The alkali undoubtedly accelerates the excretion of salicylate and so prevents 
its accumulation in the tissues. This would to a great extent explain its action 
in preventing signs of toxemia. It would appear from the results shown that 
the functional activity of the kidney is restored to normal by the addition of 
sodium bicarbonate to the salicylate. Whether this is the sole action or not, 
one cannot say. It may in some way protect the tissues but conclusive evidence 
of this is lacking. At any rate the administration of sodium bicarbonate 
along with the salicylate is essential. Toxic manifestations are avoided and 
large doses of salicylate can be given with safety. Further, the alkali permits 
of a much greater concentration of salicylate in the blood, which presumably 
is of advantage in promoting the therapeutic effect. 
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Conclusions. 


1. The oral administration of sodium salicylate alone in doses of over 
60 grains daily to children results in the production of a non-gaseous acidosis. 
The acidosis is not due to the presence of the acid salicyl ion per se. 


2. In such patients there is also definite evidence of impaired renal 
function. 


3. The development of the acidosis and the impairment of renal function 
can be prevented by the addition of sodium bicarbonate but not by glucose. 


4. One effect of the alkali would appear to be the prevention of renal 
damage, thus permitting more rapid excretion of salicylate. 


We desire to thank Dr. Leonard Findlay for his valuable suggestions 
and criticisms throughout the course of this investigation. We also tender 
our thanks to the Medical Research Council by whom the expenses of this 
work were defrayed. 
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SOME EFFECTS OF A 
KETOGENIC DIET 


BY 
RICHARD W. B. ELLIS, M.A., M.D. 


(From the Children’s Department, Westminster Hospital, London). 


The following study is based on the administration of a ketogenic diet to 
twenty children between the ages of three and eight years, the majority of 
cases being chosen with the purpose of testing tolerance to a high fat diet in 
various conditions. The diet employed, the details of which are given below, 
was found with slight modification for age to be sufficient to produce a 
marked ketosis in two to three days in most cases; where it was ineffective 
in four days, the added factor of restricted fluid intake was employed. A 
positive ferric chloride test in the urine was taken as the criterion of an adequate 
ketosis, since Rothera’s test is too sensitive to be of equal value. 

Post-anesthetic vomiting.—The first point investigated was the effect of 
ketosis on post-anzsthetic vomiting. It is well known that starvation, and 
hence vomiting, will produce ketosis in the human subject ; the point at issue 
was whether ketosis, however produced, would in the post-anesthetic state 
be likely to result in excessive vomiting. 

A preliminary comparison was made between two groups each of seven 
children who were subjected to tonsillectomy. It was not possible to keep the 
experimental condition exactly uniform for each child as regards operation and 
aneesthetic, but the former consisted of tonsillectomy by dissection in each case, 
and the anesthetics employed were ethyl chloride for induction followed by 
ether. 

The first group was prepared before operation by the administration of 
large amounts of carbohydrate, given principally in the form of barley sugar. 
It was usually possible to give a full half pound of barley sugar on the morning 
of operation, thus ensuring a high glycogen content of the liver at the time of 
the anesthetic. The second group was given no food by mouth on the day of 
operation. The urine of each patient was tested at six, ten, and twelve hours 
after operation, and the amount of vomiting noted. As would be expected, 
the second group all showed ketone bodies in considerable amount in the 10 
and 12 hour urines, whilst in the first group ketosis was slight or absent. Two 
of the first group showed glycosuria in the 6 hour specimen. With regard to 
the vomiting, every child regurgitated a small amount of bloody vomitus when 
coming out of the anesthetic. This was regarded as normal. In only one 
case was there excessive vomiting ; this was in a child in the second (unpre- 
pared) group, who showed twelve hours after operation very marked ketonuria, 
a strong smell of acetone in the breath, hyperpneea, and a blood sugar of -056 
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per cent. He vomited four times. In none of the other cases was it possible 
to demonstrate any appreciable difference in post-anesthetic discomfort, 
vomiting, or time of recovery. 

It appeared, therefore, that a considerable post-anesthetic ketosis could 
exist without necessarily giving rise to vomiting, and it was decided to 
investigate the effect of an induced ketosis in this respect. 

For this purpose two patients were put on a ketogenic diet for four days 
before operation, and had developed a positive ferric chloride reaction in the 
urine by that time. Two other patients, who had not been prepared with 
carbohydrate before operation and who had developed a moderate ketosis, 
were started on a high fat diet (including cream and cod-liver oil) immediately 
they were able to take food by mouth after tonsillectomy, and were thus kept 
with a continuous ketonuria for 5 to 6 days after operation. The subjects 
were all between 6 and 8 years. In no case was there more than the single 
bloody vomitus previously described, or complaint of nausea or headache. 


Cyclical vomiting.—Although the relationship of ketosis to cyclical 
vomiting has been already investigated by Findlay! and others, opportunity 
was taken of studying the effect of a ketogenic diet in two typica! cases which 
came under observation. The first was a particularly severe one. 

J.H., female, aged 4 yr. Patient had had recurrent attacks of vomiting since infancy, 
usually lasting 1—3 days and thought to be precipitated by ‘ chills.” In Nov., 1930, she was 
admitted to Westminster Hospital with 6 days history of continued and intractable vomiting 
with increasing drowsiness. The vomitus had become brown and grumous, with subsequently 
small amounts of bright blood. The stools showed presence of considerable occult blood. 
Vomitus for three days in hospital contained much dark blood. Very marked ketonuria. Diffuse 
tenderness in epigastrium. T.101°. Patient given rectal and subcutaneous saline, intravenous 
glucose, and blood transfusion. Fluids gradually retained by mouth. Alcohol test meal two 
weeks after admission showed complete absence of free HCl; repeated two weeks later, HCI 
present in normal amount. Discharged after five weeks free from symptoms. Readmitted to 
hospital in Feb., 1931, with less severe attack of vomiting, rapidly yielding to treatment, and 
with low grade pyrexia. Ketonuria persisted 5—6 days after vomiting ceased. 

The second patient was a boy of six years who had had recurrent * bilious attacks’ for 
2 to 3 years. He had enlarged infected tonsils which were removed during his stay in hospital. 

Both children were of the nervous, rather precocious type. 

To both patients, when free of symptoms, a ketogenic diet was given by 
gradually increasing the ketogenic ratio from that of the ward diet. Both 
children rapidly developed and retained a marked ketosis. In neither was 
there any nausea, vomiting, or other evidence of intolerance. In fact the first 
subject (J.H.) took the diet with more relish than any of the children treated, 
and used to lick the melted butter off the plate. She was also one of the very 
few who gained weight on the diet at first, though this gain ceased when the 
full ratio had been established. 

It appears, therefore, that although in the established vomiting attack 
it is rational therapy to reduce the existing ketosis by glucose administration 
(taking care to give chlorides at the same time to replace those lost in the 
vomitus), a ketosis per se is not necessarily sufficient to precipitate an attack. 
There must be some other factor—either of nervous, infective, or toxic origin— 
which is primarily responsible. 
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Convulsions.—Two patients with epileptiform seizures of the type described 
by Paterson and Bray? were admitted with one or more convulsions occurring 
at the onset of an acute infection, associated with marked ketosis and a 
positive Rothera’s test in the cerebrospinal fluid. When free from infection, 
both were given a ketogenic diet. In both cases the establishment of 
ketosis was well tolerated and was unassociated with any disturbance of 
the central nervous system, although the cerebrospinal fluid again showed a 
positive Rothera’s test. 
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Fic. 1. Effect of ketosis on the blood sugar curve. L. R., weight 36 1b. Age 6 years. 
20 grm. glucose in 50 c cm. water. ™ 


Carbohydrate metabolism.—Southwood?, and subsequently several other 
authors, found that in the patient adapted to the metabolism of fat (and in 
whom the liver was presumably infiltrated with this substance) considerable 
interference with carbohydrate storage occurred. A somewhat similar 
observation was made by Tallerman*‘, using the levulose tolerance test, in the 
case of children showing ketosis in the course of infections. In five children 
in the present series this loss of carbohydrate tolerance on a ketogenic diet 
was investigated by means of the glucose tolerance test (using MacLean’s 
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method of blood sugar estimation). This test was carried out in the morning, 
no food having been taken for 12 hours previously. It was found that in each 
case marked ketosis was associated with an abnormal blood-sugar curve. The 
typical disturbance is illustrated in Fig. 1. 

In this subject (a female child of six who developed ketosis with some 
difficulty) the normal curve obtained on a well-balanced diet shows a rise in 
blood sugar from a fasting level of -085 per cent. to a maximum of -162 per 
cent. an hour after glucose had been given by mouth. When this point is 
reached, the mechanism for the removal of sugar from the blood is called into 
play and the blood sugar falls rapidly to reach normal levels within two hours. 
At no point is the renal threshold for sugar reached (approximately -180 per 
cent.) so that no sugar is passed in the urine. In the curve obtained during 
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Fic. 2. Effect of 2 oz. of cod-liver oi] on glucose tolerance test. D. S., weight 60 lb. 
Age 8} years. 30 grm. glucose in 60 c.cm. water. 


marked ketosis, however, it will be seen that the blood sugar not only rises to 
a much higher level (-266 per cent.) but also falls more slowly, being still much 
elevated at the end of two hours. During the greater part of this period the 
blood sugar was above the threshold value, with the result that sugar appeared 
in considerable quantity in the urine. The third curve was obtained during 
a period of moderate ketosis (Rothera test +-, ferric chloride test +) 12 hours 
after tonsillectomy, where ketosis is principally due to starvation. Here 
again there is evidence of carbohydrate intolerance (an abnormally high curve). 
Slight glycosuria occurred ; the blood sugar rose above the threshold value 
but for a much shorter period than during marked ketosis, It is most probable 
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that there is no essential difference between the intolerance developed on a 
ketogenic diet and that during starvation. In the first case the liver is con- 
cerned with the metabolism of exogenous fat taken by mouth, and in the 
latter with endogenous fat that has been previously stored. In neither case 
can the liver rapidly readjust to the storage and metabolism of carbohydrate. 

Fig. 2 shows the normal curve and the curve obtained when glucose was 
administered two hours after 2 oz. of cod-liver oil in a boy of 8} years. It was 
found that this dose of oil was insufficient in this subject to produce ketosis, i.e., 
was within the limits of what the liver could normally metabolize, and it is 
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Fic. 3. Effect of ketogenic diet and insulin on the blood sugarcurve. E. A., weight 
35 lb. Age 34 years 20 grm. glucose in 50 c.cm. water. 


clear from a comparison of the two curves that it had no appreciable effect 
on the glucose tolerance. Although the full dose of fat was probably not com- 
pletely absorbed by the time the tolerance test was carried out, the latter 
would suggest that intolerance to carbohydrate only occurs when the liver’s 
normal ability to metabolize fat has been overtaxed. 

Fig. 3 illustrates the same point in a third subject, the intolerance during 
a mild ketosis being definitely less marked than during a more severe ketosis. 
It will also be seen that the subcutaneous administration of 5 units of insulin 
at the time the glucose was given by mouth was sufficient to return the ketosis 











290 ARCHIVES OF DISEASE IN CHILDHOOD 


curve to normal or subnormal levels. It might be argued that this return to 
normal is evidence that the intolerance is due to inhibition of insulin secretion 
in the organism on a high fat diet, but we have found that in the starving adult 
subject a readjustment of the blood-sugar curve following glucose and insulin 
administration is not necessarily associated with a rise in R.Q. such as would 
be expected if carbohydrate were being normally metabolized. 

The post-ketosis curve (obtained four days after discontinuance of the 
ketogenic diet) shows an exceptionally high tolerance, there being no rise in 
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Fic. 4. Effects of ketogenic diet, insulin and alkali on the blood sugar curve. W. H., 
weight 4) lb. Age6. 20 grm. glucose in 50 c.cm. water. 


blood sugar one hour after glucose administration. A similar finding was 
described by Kaguera® and by Kohn and others®. It has been suggested that 
the cause is either over-secretion of insulin or an increased call for sugar by the 
glycogen depots which have become emptied during the ketogenic period. 
Fig. 4 shows a similar carbohydrate intolerance during ketosis in a fourth 
subject in whom the ferric chloride test never became strongly positive. The 
return toward normal] with 5 units of insulin is not here as dramatic as in the 
previous case, but it is probable that if the insulin had been given rather earlier 
(so that its maximum action would have corresponded with the maximum 
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rise in blood sugar) the threshold would not have been passed. In this casa 
the curve was repeated during ketosis giving 10 grm. NaHCO, at the same time 
as the glucose, a dose of alkali amply sufficient to counteract any tendency 
there might be toward an acidosis. It is clear that it resulted in no increase in 
tolerance, the effect being rather to produce a slower rise and more delayed 
fall in blood sugar. This shows that the deficient tolerance cannot reasonably 
be attributed to an acidosis, but is more probably due to the inability of the 
cells which are concerned with the metabolism of fat to readjust rapidly to 
the metabolism of carbohydrate. 

General effects.—It was found that there was considerable variation in the 
ease with which different subjects developed ketosis, probably depending on 
the ease with which the individual could store fat. The majority of subjects 
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Fic. 5. Effect of ketogenic diet on body weight. W. H., age 6 : post-empyema. 


took the diet well for a week or ten days but became tired of it at the end of that 
time. In three pyrexial cases in which it was given (two post-empyema and 
one post-mastoid) the diet was taken well without nausea. Of the apyrexial 
cases nausea and coated tongue were noted in one case only. 

The effect of the diet on the weight curve was striking. In all cases 
except two the weight fell or remained stationary throughout the ketogenic 
period, in spite of the fact that the caloric intake was considerably in excess 
of that when on the ordinary ward diet. In only two cases was fluid intake 
restricted, and salt was given in normal amount. 

Fig. 5 shows the typical effect on the weight, the return to a balanced diet 
being followed by a rapid gain. 
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Ketogenic diet employed.—8 a.m. Olive oil }.0z. Ol. Mor.3drm. Fried fish or sardines 
20z. Top milk 6 oz. Bran biscuits ad lib. 1 slice white bread. Butter 1 oz. 
12.30 p.m. Minced beef 30z. Cabbage 2 0z. Butter 1 oz. Olive oil $.0z. Ol. Mor. 3 drm. 


Top rice pudding | oz. 
4.30 p.m. Fat ham or bacon2o0z. Butter loz. Top milk 6 0z. Olive oil $.0z. Ol. Mor. 
3 drm. Bran biscuits ad lib. 


Summary and conclusions. 


1. In two groups of children subjected to tonsillectomy it was found 
that considerable post-anzsthetic ketosis could exist without necessarily 
causing vomiting or other symptoms. 

2. Artificially produced ketosis before and after operation was well 
tolerated. 

3. In two cases of cyclical vomiting and in two patients who had had 
convulsions at the onset of an acute infection, a ketogenic diet produced no 
symptoms. 

4. The intolerance to carbohydrate produced by a high ketogenic diet 
was investigated by means of the glucose tolerance test. While insulin tended 
to readjust the blood sugar curve to nermal, sodium bicarbonate had no effect 
in lessening the intolerance. 

5. The majority of patients showed a loss of weight or failure to gain 
weight during the ketogenic period. 

6. It is not claimed that ketosis can never be reponsible for clinica] 
disturbances, since in extreme degrees considerable change in acid-base 
equilibrium may take place. It is, however, suggested that a considerable 
ketosis may be well tolerated by many children, including certain ‘ cyclica! 
vomiters’ and normal children undergoing operation. It follows that a 
diagnosis of ‘ ketosis’ as an explanation of symptoms should only be made 
with the greatest caution and when every other possible cause has been excluded. 
This is of additional importance when it is remembered that prolonged 
administration of glucose in considerable quantity may result in precipitation 
of diabetes in a subject in whom pancreatic function is defective. 


I wish to express my sincere thanks to Dr. Donald Paterson for his help 


end encouragement, and for permission to publish particulars of patients 
under his care ; and to Dr. W. M. Goldblatt for much advice and criticism. 
The work was carried out during the tenure of a Wander Research Scholar- 
ship at the Westminster Hospital. 
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ALKALOSIS IN THE VOMITING 
OF INFANCY 


BY 


MONTAGUE MAIZELS, M.D., M.R.C.P., 


Pathologist to the Infants’ Hospital, Westminster, London. 


Alkalosis and reduction of blood chlorides are known to occur in some 
cases of pyloric stenosis in infants (Hartmann and Smythe!, Graham and 
Morris*, Maizels, McArthur and Payne*). The present investigation en- 
deavours to determine how far such changes are characteristic of this malady. 
To this end, the chemical and clinical findings in consecutive cases occurring 
at the Infants’ Hospital have been analysed and compared with the findings 
in other forms of vomiting. Certain forms of vomiting have been excluded : 
namely, vomiting in infants over three months old ; vomiting accompanied by 
diarrhoea, and vomiting cases which had received alkalis medicinally. 

Conditions investigated.—The cases investigated are classified as follows : 


Group 1. Vomiting due to obstruction of the alimentary canal; under 
three months, this is practically equivalent to pyloric stenosis 
or pylorospasm. 

Group 2. Habit vomiting and vomiting due to unsuitable feeding. These 
vases being neither obstructive, nor toxic, nor infective, have 
been grouped together for convenience. 

Group 3. Toxic or infective vomiting. The number of examples in this 
group is small, because although toxic and infective vomiting 
is common, it is rarely unaccompanied by diarrheea. 


The following cases have been classed as pyloric stenosis : 





(a) Cases where the diagnosis has been confirmed at operation or post 
mortem (79 per cent. of all cases). 

(b) Cases not so confirmed, but presenting typical signs, including tumour 
(16 per cent.). 

(c) Cases where no tumour had been felt, but wasting, projectile vomiting, 
constipation and visible peristalsis were present, and marked gastric 
delay was shewn radiographically. There were four examples in the 
present series, three of which may have been cases of spasm rather 
than stenosis. 





Some of the clinical findings in obstructive and non-obstructive cases are 
summarized in Table 1. 

It will be seen that there is no clinical feature apart from pyloric tumour, 
which may not occur in non-obstructive conditions. Thus positive radio- 
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graphic findings and some degree of visible peristalsis have been observed in 
several cases of Group 2. In Group 1, on the other hand, radiography was 
negative in three cases, and inconclusive in eleven others where the diagnosis 
was subsequently confirmed. In six of these fourteen cases, the stools were 
practically normal, indicating that the pyloric obstruction was only partial. 
In two of these cases with normal stools, the pylorus could not be felt and a 
diagnosis of simple pyloric spasm was made. Both these cases died of enteritis. 
At autopsy, in each case, the pyloric muscle was found to be four millimetres 


thick, but the canal admitted a five millimetre rod. 


TABLE 1. 


CLINICAL DETAILS IN GROUPS 1 AND 2, 





1. Pyloric 2. Non-obstructive 








obstruction 





No. of 


vomiting 


No. of Percent - Percent- 
cases age cases age 
Sex, males ... see ces wath 73 85 90 63 
First-born infants... 71 58 80 51 
Breast fed ... saa ase 68 75 86 61 
Onset under ] week ‘ 69 15 64 39 
1—4 weeks ... — 61 mW 
4—8 weeks ... — 23 17 
Onset at 8 weeks and over = ] 7 
Length of history, 2 weeks and under 71 62 66 23 
2—4 weeks _ 27 28 
over 4 weeks — 1] 49 
Gain or no loss of weight 66 23 80 65 
Loss of weight, 0—10% birth weight -- 29 17 
over 10% birth weight ~- 49 18 
Projectile vomiting ne 73 100 79 17 
Visible peristalsis ... 72 92 83 8 
Tumour en vet 12 81 83 0 
Radiographic delay marked 63 77 35 6 
moderate ~- 18 5 
negative _- 3) - 89 





There were two pairs of brothers in Group lL. 


vomited blood before operation. 


The mortality in Group 1, was 18 per cent. 
moribund on admission, and seven died of enteritis. 
the surgical cases was 8 per cent. (4 of 50 cases) and was due to enteritis. 


Three cases in this group 


Four cases were practically 


The mortality among 


Chemical findings in cases of persistent vomiting.—The following have 


been investigated : 


22 and 28 millimoles ; 


ed 


Plasma bicarbonate, plasma and red cell chloride, the 
ratio of cell to plasma chloride (R), and the hemoglobin. 
The normal] plasma bicarbonate lies between ‘ 


the 


plasma chloride between 95 and 105, and the cell chloride between 44 and 56 
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millimoles, and R varies between 0-44 and 0-56. These figures may be com- 
pared with the findings in vomiting infants (Table 2). 

ResuLtts.—Group |. In the blood of pyloric obstruction, four diver- 
gencies from the normal were common: increase of the plasma bicarbonate 
(78 per cent. of cases), decrease of the plasma chloride (67 per cent.), decrease 
of red cell chloride (88 per cent.), and increase of the hemoglobin. In some 
cases, however, these changes were absent, or present singly, or together, or in 
various combinations. Irrespective of the other chemical changes the heemo- 
globin was sometimes increased as a result of loss of fluid from the body. 


TABLE 2. 


ANALYSIS OF THE BLOOD IN CASES OF PERSISTENT VOMITING. 




















Group 1 Group 2 
Analysis Range = 
No. of Percent- No. of Percent- 
cases age “ases age 
Plasma bicarbonate ..... Under 22 mM. 73 1-5 47 15 
22—28 * 20-5 79 
28—(34),, 22 6 
34—(40) __,, 27 0 
40 and over 29 0 
Plasma chloride ... Over 105 mM. 74 55 47 28 
95—105_—sé,, 27 66 
90—(95)_,, 17-5 6 
75—(90) ,, 39 0 
Under 75 ,, 11 0 
Cell chloride Over 45 mM. 73 12 47 62 
(40)—44,, 14 35 
33—40 a 46 3 
Under 33. ,, 28 0 
Ratio of cell to plasma 0-44 and over 73 34 47 57 
chloride (R) ... ... Between 0-4 and 0-44 22 30 
0-33—0-4 37 13 
Under 0-33 7 | 0 





The lowest chloride values occurred in cases with the severest alkalosis. When 
the alkali reserve was normal, or only slightly raised, the plasma chloride was 
sometimes only slightly diminished, but in eight instances, the reduction of 
plasma and especially of cell chloride was considerable, although the plasma 
bicarbonate was normal (Table 3, Cases 15, 57 and 62). 

The various chemical changes were not proportionate to the length of history, 
and seemed to depend more on the severity of the symptoms than on their 
duration. 

Icterus was present in four patients on admission. The indirect van den 
Bergh test alone was positive and the urine contained no bile. The hemo- 
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globin content of the blood was high in all these cases. One of these patients 
was under three weeks old, and one was a premature infant. Within two 
weeks, the jaundice had disappeared. 

The urine in pyloric stenosis never contained more than a trace of chloride. 
While absence of chloride from the urine is frequent in all forms of vomiting, 


TABLE 3. 


CHEMICAL CHANGES RESULTING FROM VOMITING. 





Oo 


mM. 


ut. History (weeks) 


Plasma chloride mM. 


Plasma bicarbonate 


Weight (lb.) 
(millimoles) 
Plasma chloride 


Age (weeks) 
Urine chloride ‘ 


Cell chloride 
Hemoglobin % 
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and does not necessarily indicate pyloric stenosis, the presence of more than 
0-07 per cent. makes obstruction very improbable. When alkalosis was present, 
the urine was usually alkaline (72 per cent.), but in some cases, the urine was 
acid in spite of alkalosis. 

Diacetic acid was never found in the urine. A moderate amount of acetone 
was found in 10 per cent. of cases, and traces in a further 9 per cent. 
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The gastric residue was examined in ten cases. It contained chloride 
(0-1 to 0-27 per cent.) and was acid. In one case the pH was 2-2, in another, 
2-4; in the remaining eight, it lay between 3 and 4-5. It is probable thet at 
least part of the acidity in all these cases was due to hydrochloric acid. 

Examples of the various blood changes likely to occur in pyloric obstruction 
are shewn in Table 3. 

After the therapeutic administration of normal saline and glucose (15 to 
20 oz. over a period of 48 hours), 2s a rule, the alkali reserve decreased, the 
plasma and red cell chloride, and the ratio of cell to plasma chloride (R) rose, 
while the hemoglobin and hematocrite reading fell owing to retention of water 
in the circulation. In many cases, the fall in the hematocrite reading was much 
less marked than the fall in hemoglobin, indicating that relatively more water 
was retained in the red cell than in the plasma. In one third of the cases, all 
the changes resulting from treatment were present simultaneously. In the 
other cases one or more of these changes were absent. The alkali reserve 
shewed a marked fall in 56 per cent. of cases and this fall was accompanied 
by a corresponding rise in the chloride. 


TABLE 4. 


DIAGNOSTIC VALUE OF CHEMICAL ANALYSES. 





Analysis Group 1 Group 2 


1. Plasma bicarbonate 34 mM. or more _... oe ih son 56% 0% 
2. Plasma chloride under 90 mM. ... _ si ite ie 50% 0% 


3. Cell chloride, 40 mM. or less _ wn bie ran pied 74% 3% 
1, 2 and 8 all positive together eres ane oe sie _ 38% 0% 


1, 2 or 3 positive separately, i.c., total positives ... sit vn 88% 3% 





In the majority of surgical cases, the blood had become normal or nearly 
normal within ten days of the operation. 


In the cases of Group 2 (habit vomiting and vomiting due to incorrect 
feeding) alkalosis was very rare, although minor degrees of chloride reduction 
were not uncommon. Examples are shewn in Table 3. 

There were only ten cases of toxic and infective vomiting without diarrhoea 
Group 3. In these, the bicarbonate was normal or low, and the chloride 
normal or high (Table 3). 

SuMMARY.—It is considered that any of the following findings taken by 
itself is almost diagnostic of obstructive as opposed to non-obstructive 
vomiting :— 

1. Plasma bicarbonate 34 millimoles or more. 

2. Plasma chloride less than 90 millimoles. 
3. Red cell chloride 40 millimoles or less. 


Exceptions to this rule are occasionally afforded by certain cases of diarrhcea. 

Table 4 has been constructed on the basis of these figures. The data 
have been collected from the very first chemical examinations made on patients 
after entering the hospital ; usually within a few hours of admission. 
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Significance of the chemical alterations in the blood.—In pyloric obstruction, 
quite apart from clinical and radiographic evidence, chemical investigation 
gives characteristic findings in 88 per cent. of cases at the first examination. 
It is necessary to consider how far a diagnosis may be based on such findings. 

Reduction of plasma chloride and increase of the alkali reserve are found 
in conditions where hydrochloric acid is lost in the vomit or excess of sodium 
chloride is lost from the body by any route,—vomit, stools, urine or sweat. 

The infrequency of marked chemical changes in the vomiting of infants 
resulting from incorrect feeding or toxzmia indicates that the loss of HCl] and 
NaC} in these conditions must, as a rule, be slight ; in the former, it is probable 
that the vomit contains but little gastric secretion, while in the latter, there is 
evidence that infection leads to a secretion deficient in acids and salts. 

In vomiting accompanied by diarrhcea, acidosis is commonly present and 
the blood chlorides are increased ; sometimes, however, the alkali reserve 
remains normal or may even shew a slight increase, and the chlorides may be 
low, normal or high. When the alkali reserve is normal or raised, and the 
chlorides diminished, the blood changes are identical with those of pyloric 
obstruction. For this reason, cases of vomiting with diarrhoea, have not been 
included for comparison with other forms of vomiting. 

The blood chemistry in intestinal obstruction may be normal, or it may 
resemble that of pyloric stenosis. In the present series is a case of duodenal 
stenosis which shewed dehydration, norma] plasma bicarbonate and low plasma 
and cell chloride. 

It is not possible to distinguish pyloric stenosis from simple pylorospasm 
by chemical tests alone. The diagnosis of spasm is not always clearly defined. 
It may be presumed that projectile vomiting, visible peristalsis and delay in 
emptying are characteristic ; a tumour is not felt and the stools contain more 
fecal material than is the case in stenosis. It 1s probable that the majority 
of such cases are really varieties of stenosis in which the obstruction is partial, 
intermittent or of short duration. Example of pure pylorospasm must. be 
rare, for in the present series, 95 per cent. of cases were outspoken stenosis. 

Alkalosis and reductions of blood chlorides may also occur when alkalis 
have been given therapeutically. In such circumstances, if the kidneys are 
not functioning normally, the urine may be acid and chloride free. But if 
renal function is maintained, the urine will be alkaline and contain a large 
excess of chloride. In this type of case, the cause of the alkalosis should be 
evident. 

It appears, therefore, that alkalosis and low blood chlorides in an infant 
of under three months, who vomits but has no diarrhoea, indicates a diagnosis 
of pyloric obstruction,—-stenosis or spasm. Negative chemical findings, how- 
ever, do not exclude obstruction. It may be doubted, perhaps, if additional 
aids to diagnosis are required. As a rule, the diagnosis of stenosis is straight- 
forward, but sometimes cases occur with atypical symptoms, and in such as 
these chemical examination has been of assistance. 


Chemical examination is of less value in assessing the severity of a case 
than in its diagnosis for cases with normal or nearly normal blood findings 
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are not always mild, and may be in urgent need of treatment. On the other 
hand, patients with severe alkalosis and marked diminution of chlorides may 
respond readily to medical treatment, in which case, the bicarbonate will 
begin to decrease, and the chloride to increase. Failure of this to occur in a 
few days, or persistence of dehydration as shewn by a high and rising hemo- 
globin value, are indications that medical treatment is not likely to be successful. 
If such a case had originally been regarded as one of spasm, it is probable that 
the diagnosis should be revised. 

The chemical findings also show the importance of copious saline infusions 
in the treatment of these patients, while the high hemoglobin values indicate 
that the actual transfusion of blood is not often needed. 

Blood analysis is sometimes of service in diagnosing the cause of 
relapse in improving surgical and medical cases. In such circumstances, the 
infant looks pale and toxic ; the weight falls and vomiting may recur. Marked 
alkalosis and low plasma chloride may be found. Such cases are liable to 
sudden collapse, but will probably improve with normal salines. But if any 
degree of acidosis has supervened an infection has occurred and the outlook is 
not good. Enteritis or otitis may be present (10 per cent. of cases in this 
series). 

It is probable that the chemical findings in pyloric stenosis arise from loss 
of hydrochloric acid, sodium chloride and water in the vomit ; the variations 
in the components of the blood depending on the relative proportions of these 
substances wasted in the gastric juice. 

There are, theoretically, several possibilities : 

1. Water loss, through vomiting, exceeds the loss of chloride (i.e., the 
vomit contains relatively little chloride). This is exceptional in uncomplicated 
cases, but occurs with the supervention of enteritis or otitis. It leads to 
dehydration, lactic acid formation in the tissues and phosphate retention by 
the kidneys. It results in acidosis and a relative or absolute increase in the 
blood chlorides. 


2. Water and total chloride loss are proportional, and the vomit is only 


slightly acid, containing NaCl, and but little HCl. Dehydration occurs, but 
otherwise the blood remains nearly normal (Table 3, Case 22.) 


3. Water and total chloride loss are proportional, but the vomit is 
moderately acid containing both NaCl and HCl; alkalosis with normal 
plasma chloride results (Table 3, Cases 11 and 70.) 


4. Chloride loss is relatively greater than water loss and the vomit is 
acid. Dehydration with alkalosis and reduction of plasma chloride occur 
(Table 3, Cases 19, 31, 41, 48 and 59.) 

5. Chloride loss is relatively greater than water loss, but the vomit is 
only slightly acid (that is, the vomit contains NaCl but little HCl). The 
plasma chloride will necessarily diminish, and the bicarbonate may remain 
normal (Table 3, Cases 15, 44, 57, 62), or it may increase. This increase of 
plasma bicarbonate through loss of NaCl alone, without loss of significant 
quantities of HCl, is explained by Hartmann and Smyth! in the following 
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manner: loss of NaCl from the blood brought about by any means, lowers 
the osmotic pressure of the plasma. The maintenance of the osmotic pressure 
of the plasma is of the first importance, and is brought about by the non- 
excretion on the part of the kidney of any substance that can be retained in 
the blood. This includes substances like chloride and urea. It does not 
include non-threshold substances like sulphuric and phosphoric acids, but it 
does include the fixed base, with which these substances are excreted in the 
urine of the normal individual. On account of the deficiency of available 
chlorine in the blood, the fixed base so retained is neutralized, not with chlorine 
but with carbon-dioxide, and the base bicarbonate of the plasma is increased. 
By this means the osmotic pressure of the plasma is maintained, while the 
reaction of the blood is kept relatively constant by underbreathing and the 
retention of corresponding amounts of CO,. Owing to the necessity for this 
base retention, the acids excreted in the urine are combined with the minimum 
amount of base, and in spite of the alkalosis the urine remains acid. Further, 
the basic radicle with which the urinary acids are combined, is not fixed base, 
but ammonia. 

Hence, if Hartmann and Smyth’s explanation is correct, one would expect 
cases of this type, with low plasma chloride, to have a high plasma bicarbonate 
and urea, and to excrete an acid urine, relatively free from fixed base, and 
with a high ammonia coefficient : a urine, in effect, resembling that excreted 
in acidosis. 

Previous work (Maizels, McArthur and Payne®) has led to the inference, 
that the connexion between osmotic pressure and blood urea, is not very close, 
and this has been supported by subsequent observations. 

The relation of the osmotic pressure to the reaction of the urine must be 
discussed at greater length. The osmotic pressure of the plasma can _ be 
determined from the depression of the freezing point, or indirectly if the 
concentration of its various constituents are known. Hartmann and Darrow‘ 
have shewn that sodium chloride, base-bicarbonate, protein, phosphate, 
lactate, glucose and urea, together account for 93 per cent. of the observed 
osmotic pressure. In the present investigation, the data are not complete, 
for in several cases, only the HCO, and Cl are known. In the normal infant, 
these account for about 250 osmolar millimoles, while the other constituents 
provide about 40. In pyloric stenosis, this residue of phosphorus, urea, 
lactate and protein, is either normal or increased. If, therefore, in those cases 
where the bicarbonate and chloride values are alone available, the residue is 
assumed to be normal, the results obtained will indicate the least probable 
osmotic pressure of the plasma examined. The Appendix (page 302) has been 
constructed on the basis of Hartmann and Darrow’s figures and the osmotic 
pressures calculated in Cases .42, 58, 63, 74 and 75 are minimal. In Cases 
48, 49 and 59, the data are complete, except for the concentration of lactate. 
In these three cases, the osmotic pressure would still be less than normal, even 
if the lactate were increased. 

If the foregoing assumptions are allowed, the following observations may 
be made. Alkaline urines were much commoner than acid urines, and while 
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most of these urines were associated with alkalosis and a plasma osmotic 
pressure which was normal or even high, in five cases, it is probable that the 
osmotic pressure was low (see Appendix, Cases 48, 49 and 59). As for the 
cases with acid urines and alkalosis, in some of these (five cases) the osmotic 
pressure, so far from being low, was normal or increased (see Appendix, Cases 
42, 58 and 63). In the others (three cases) it is likely that the osmotic pressure 
was less than normal (Appendix, 74 and 75), but even in these three cases, as in 
the preceding five, it can be shewn from the titratable acidity and ammonia 
of the urine, and also from the urinary chloride, phosphate and sulphate, that 
the acid radicles are combined with a high proportion of fixed bases and that 
the ammonia coefficient is not raised. The findings are therefore, the reverse 
of what might be expected from Hartmann and Smyth’s explanation. It 
seems likely that the excretion of an acid urine in the presence of alkalosis 
depends on some cause besides variations in the osmotic pressure of the blood ; 
possibly on toxzemia or dehydration with renal damage and imperfect ammonia 











formation by the kidney. 

Graham and Morris? remark that the magnitude of blood changes is by no 
means proportional to the degree of vomiting, and recount a case where alkalosis 
was present in the absence of vomiting. They hold therefore that other factors 
must be considered besides loss of chloride in the gastric juice. In one case 
only of the present series, alkalosis increased long after the vomiting had 
ceased. Here, however, aspiration of gastric residue and lavage were carried 









out, and in this way, about three ounces of fluid were removed daily, a loss 






which might gradually have produced the alkalosis. In such cases as this, 
treated with prolonged lavage, it might be wise to complete the procedure by 
leaving a few ounces of normal] saline in the stomach. 

The absence of chloride from the urine in pyloric stenosis is due to the fall 
of blood chloride. It is true that in two cases, No. 11 and 22, the plasma 
chloride was raised, but in both of these dehydration was present, so that the 
total chloride in circulation was low. Under such circumstances, the renal 









threshold might conceivably be raised. 







Conclusions. 


Alkalosis or marked reduction of chloride is rare in non-obstructive 





vomiting. 

2. In pylorie obstruction, there is frequently a marked increase of the 
plasma bicarbonate and decrease of the plasma and chloride cell. One 
or more of these changes are present in 88 per cent. of all cases and have 







a positive diagnostic significance. 
Negative chemical findings do not exclude pyloric obstruction. 












Thanks are due to the medical staff of the Infants’ Hospital for permission 
to publish accounts of their cases and to Miss C. B. McArthur who has carried 
out some of these investigations, and in collaboration with whom, certain obser- 
vations have already been published ; also to the British Medical Association 
for a grant for the purchase of apparatus. 
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Methods.—Most of the methods employed have been described in a previous 
communication (Maizels and McArthur®). Phenol-phthalein was the indicator 
used in titrating the urines. The method of estimating plasma bicarbonate 
is that of Payne®. The determination of base was carried out by the method 
of Stadie and Ross*. The validity of the cell chloride estimation is discussed 
elsewhere’. 










APPENDIX. 


PLASMA OSMOTIC PRESSURE AND THE REACTION OF THE URINE IN CASES OF ALKALOSIS. 







Normal Infant. (Hartmann and Darrow).—Plasma : NaCl, 200. HCO,, 48-7. Protein, 15-6. 
Phosphate (P) 5-5. Lactate, 4-2. Glucose, 6-4. Urea, 8. Total, 288 osmolar millimoles. 

Case 42.—Plasma: NaCl, 178. HCO,, 74. P,9-1. Urea, 11. Unestimated residue, 26-2. 
Minimum osmotic pressure, 298. Urine: pH. 5-2. Acidity, 98 milliequivalents. NH, 62. 
Cl, 0. P,O;, 54. NH, coeff., 13-39%. Traces of albumin and acetone, 







Case 48.—Plasma: NaCl, 108. HCO,, 113. Protein, 16-7. P, 9-2. Glucose, 8-3. Urea, 17. 
Residue, 4:2. Osmotic pressure, 276. Urine: pH. 7-4. Cl, 0. 





Case 49.—Plasma: NaCl, 134. HCO,, 90. Protein, 16-7. P, 3-7. Glucose, 6-3. Urea, 16. 
Residue, 4:2. Total, 271. Urine: pH. 7:8. 






Case 58.—Plasma: NaCl, 188. HCO,, 65-5. Residue, 40 at least. Minimum O.P., 293. 
Urine: pH. 6. Acidity,92. NH, 21. Cl,0. SO,,40. P,O,;, 81. NH, coeff., 3-595. Acetone 
present; no diacetic acid. 









Case 59.—Plasma: NaCl, 150. HCO,, 73. Protein, 16-5. P,4. Urea, 4. Residue, 10-6. 
O.P., 258. Urine: pH. 7:2. Cl, 0. Fixed base, 40 milliequivalents. 

Case 63.—Plasma: NaCl, 184. HCO,, 76-5. Residue, 40 at least. Minimum O.P., 300. 
Urine: pH. 6. Acidity, 62. NH, 34. Cl,0. P,O;, 50. 






Case 74.—Plasma: NaCl, 166. HCO;, 68. Residue, 40 at least. Minimum O.P. 274. 
Urine: pH. 6-4. Acidity, 52. NH;, 40. Cl,0. NH, coeff., 5-5. Fixed base, 128. Trace of 
acetone. 













Case 75.—Plasma : 








NaCl, 168. HCO,, 69. Urea, 12. Residue, 32 at least. Minimum 
O.P., 281. Urine: pH. 5-7. Acidity, 58. NH, 38. Cl,0. P,O;,47. SO,, 51. NH, coeff., 
4-5. Fixed base, 105. No acetone. 

















[NaCl—Sodium chloride ; HCO,—bicarbonate ; NH,—ammonia ; P,0,—phosphate ; 
SO,—sulphate. | 
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RACE, RHEUMATISM AND 
GROWING PAINS 


J. C. HAWKSLEY, M.D., M.R.C.P., 
Resident Medical Officer, Children’s Hospital, Birmingham. 


A survey of the literature on diseases of children reveals the fact that 
there is a widely-held opinion that children of one type are more prone than 
those of other types to rheumatism in its various forms. The description of 
the incriminated type, however, varies so much with different writers as to 
make correlation difficult. Further, but few writers quote positive evidence 
in support of their opinions. 


Three different types are described and may be thus summarized :— 
(1) The blond and blue-eyed child, with delicate skin and pink cheeks. 


(2) The brunette, with dark hair and eyes, long lashes, white skin and good 
complexion. The sclerotics are often bluish and the upper central 
incisor teeth massive. They are usually well developed. 

(3) The red-haired and freckled child. 

To accept all three types as predisposed to rheumatism would be to accept 
the larger part of the child population, and would thus defeat any object that 
the recognition of such a diathesis might have. 

Consideration of the traits mentioned reveals that the first is descriptive 
of the Nordic child, the second of the Iberian or Mediterranean child, and the 
third of a type that may be found associated with more than one race, 
but is common in certain localities of Great Britain, such as parts of Wales. 

In making any attempt to assess the value of these descriptions, it must 
be remembered that a child showing the traits of one race may none the less 
have an anthropological ancestry by no means pure. Further, the social and 
geographical factors at work make comparisons of children in different centres 
an unsatisfactory proceeding. 


Investigations.—In an attempt to obtain data for a preliminary survey 
of this problem 891 children have been seen in attendance at two hospitals ; 
505 in London and 386 in Birmingham. An attempt has been made to divide 
them into broad anthropological types by means of their colouring. Such an 
attempt is open to two inaccuracies : first, the personal factor of the observer, 
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and secondly the classification of cases with traits on the borderline of two 
types; but in the absence of more accurate methods this cannot be avoided, 
and any conclusions arrived at must be recognized as reached by a scientifically 
imperfect method. 

The red-haired type could not be classified by hair colour into a separate 
group racially. The majority, whose hair shaded imperceptibly into light 
brown or other directions, were grouped by their other traits and a very small 
number with bright red hair and eyes of green, mixed or indeterminate hue 
have been omitted. 

The children seen tended to fall into three distinct categories. 


(1) Blue eyes, and flaxen or light brown hair. These have been taken as 
representing the Nordic type. 


(2) Brown eyes and dark brown or black hair. These have been taken as 
representing the Iberian type. 


(3) Brown eyes and light brown hair. These may be regarded as either 
mixtures of the other two, or, in cases where brachycephaly is marked, 
as having an Alpine element.* 

In the first group of 505 cases in London! the history of growing pains wes 


inquired into as an indication (we now think wrongly) of a rheumatic tendency. 
The results were :— 


Nordic type... ‘es 29-0°% gave a positive history. 
Iberian type... ick 39-8% 
Intermediate type... 38:-6% 


In a second series of 206 cases in Birmingham a similar inquiry yielded :— 
Nordic type ... 33:0% gave a history of growing pains. 
Mediterranean type 57:7% 

Intermediate type 48-8% 


In a third series of 180 cases szen in the wards of the Birmingham 
Children’s Hospital over a period of six months the percentage of Nordics 
was :— 

Acute rheumatism and chorea (52 cases) sil 65-4% 
Other ailments (138 cases) a sea _ 63-0% 


In the first 505 children the ages ranged from 4 to 14, in the rest 4 to 12 
years inclusive: 


Discussion.—From this series it would appear that there is no increased 
tendency of the Nordic child to acute rheumatism or chorea, but that in the 
case of what is called growing pains (in this case pains in the limbs which could 
not be explained on any other ground) there is a tendency for the other types 
to be more often affected. 





*Blue eyes and dark brown or black hair were rarely seen, only 6 cases in 505. 
not been classified, 


These have 
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Shrubsall? analysed 133 cases of rheumatism, and comparing his findings 
with Beddoes’ analysis of 6,000 Londoners, drew the conclusion that ‘ the 
blonde traits are associated with acute rheumatism, heart disease, and 
tonsillitis.’ Mackintosh* has justified these conclusions by a survey of the 
history of the Nordic race and has pointed out that they are not physically 
suited to the geographical and climatic conditions associated with rheumatism. 

Gray Hill’, and Gray Hill and Mary Allan® in an examination of a large 
series of cases at Queen Mary’s Hospital, Carshalton, and the Downs Hospital, 
Epsom, were unable to find any evidence to indicate the existence of a rheumatic 
type. 

In the case of acute rheumatism and chorea our small series agrees with 
the much fuller findings of Gray Hill and Mary Allan, whose observations 
cover some 950 or more rheumatic children, and a series of controls. When, 
however, growing pains are investigated, we find in two series in different 
cities that the Nordic is not so prone to them as the Intermediate or 
Mediterranean types. 

If growing pains are etiologically related to rheumatism, then it would 
appear that darkness of colour is related to incidence, but if there is no such 
relation some other explanation must be found. 

Cameron and others have expressed the view that * growing pains’ are 
often caused by acidosis or ketosis in children of a lively type, who rapidly 
deplete their body glycogen when called upon to be energetic. 

Pearson and Wyllie® in discussing aspects of child-type, describe on one 


‘ 


side of the normal, the ‘ acid or hypercalcic ’ child, and express the view that 
this type is more prone torheumatism. Their hypercalcic type fits the brunette 
type of the rheumatic diathesis (already described) more nearly than the other 
types. It thus seems conceivable that the preponderance of growing pains in 
darker children may be related to metabolic, and not rheumatic, causes. 

Another aspect of interest is the amount of pain required to impinge upon 
the consciousness of the child. In an unpublished series of cases of female 
children we endeavoured to ascertain the self-control of different types when 
pain was inflicted. The result showed the Nordic child to have an average 
self-control very much greater than that of darker types. It is possible that 
another factor in the explanation of our figures is the greater apparent sensitivity 
to pain of the more pigmented child. 


Summary. 


1. Weare unable to confirm the view that the Nordic child is predisposed 
to rheumatism. 


2. Evidence is produced to the effect that ‘ growing pains ’ are commoner 
in Mediterranean and Intermediate types of children than in Nordies. 


3. It is suggested that the greater frequency of * growing pains’ in the 
more pigmented types of child is due to metabolic or constitutional factors 
rather than an increased susceptibility of rheumatism. 
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THREE CASES OF 
DUODENAL OBSTRUCTION 
IN THE NEW-BORN 


BY 


C. P. LAPAGE, M.D., F.R.C.P., ANNIE E. SOMERFORD, M.D., Ch.B., and 
FANNY HOWE, M.B., Ch.B. 


(From the Department of Diseases of Children, Manchester University.) 


Congenital obstruction of the upper part of the alimentary tract is a rare 
condition. Its frequency has been given by Davis and Poynter! as 1 in 20,000 
subjects, but Sheldon? states that in 6,000 autopsies in children it was found in 
28 instances. The recognition of such obstruction during life is of importance 
as successful operations for its relief have been recorded. In the absence of 
operative interference the average duration of life is six days, although some 
cases may live considerably longer than this. 


Symptomatology.—Congenital duodenal obstruction gives rise to variqus 
signs and symptoms, the chief of which are vomiting, visible gastric peristalsis, 
constipation and jaundice. 

Vomiting usually begins in the first few hours of life and persists: it is 
forcible or projectile in character. Bile is usually found in the vomit® 4, and 
sometimes blood is also present!. Even when the obstruction is above the level 
of the bile papilla, the vomit may be bile-stained owing to the presence of an 
accessory bile-duct. Vomiting is very persistent : occasionally a feed may be 
retained, but if so a larger vomit than usual follows the next feed. Gastric 
peristalsis is usually to be observed. Constipation is commonly present. 
Its severity depends upon the site of the obstruction. If below the bile papilla, 
constipaticn will be absolute except for the passage of some débris from the 
intestinal wall. If above the papilla, there may be small stools, brownish in 
colour. Smellie?, however, reports a case of stenosis at the duodeno-jejunal 
flexure in which normal coloured, though constipated, stools were passed. 
Jaundice is not uncommon in cases of congenital duodenal obstruction. 


Diagnosis.—Cases of congenital duodenal obstruction have to be differen- 
tiated from those of congenital pyloric stenosis and congenital obliteration of 
bile-ducts. In the former there are forcible vomiting and visible gastric 
peristalsis, but the vomit does not contain obvious bile, and jaundice is absent. 


b 
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Also the onset of the vomiting tends to be considerably later than in congenital 
duodenal obstruction. In cases of congenital obliteration of the bile-ducts, 
jaundice is the predominating symptom and vomiting is of secondary 
importance. 


Type of duodenal obstruction.—Congenital duodenal obstruction may be 
intrinsic or extrinsic in origin. In the intrinsic cases the obstruction may 
occur at various levels, and may even be multiple, in which case there is little 
hope of successful relief by operation. MacClennan® recognizes three types : 
(a) a gap in the continuity of the gut wall; (b) a partition in the bowel ; (c) a 
partial obstruction from narrowing of the lumen of the duodenum. 


Extrinsic obstruction may be due to adhesions®, bands’, or to torsion and 
volvulus8. 


Treatment.—Operation holds out a distinct possibility of success. Sue- 
cessful results have been recorded by Smellie?, Jewesbury and Page®, Sweet 
and Robertson’, Fockens®, Ernst!®, and Richter!!. The case reported by 
Sweet and Robertson is of particular interest in that the infant, a very frail 
and emaciated baby, survived two operations, anterior gastro-jejunostomy 
followed by duodeno-jejunostomy, and ultimately made a complete recovery. 


Authors’ cases. 


We here record three cases of duodenal obstruction in none of which was 
operation considered feasible. The full pathological and anatomical reports 
on the third case show it to be Gne of particular interest owing to its unusual 
origin. 

Case 1.—G.M., male. The child was a Mongol but appeared physically healthy at birth. 
Though breast-fed he began vomiting on the fifth day. Vomiting occurred after every feed, it 
was coffee-ground in colour and was projectile in character coming down the nose. The mother 


stated that she had observed peristalsis. The stools were sometimes greenish in colour and 


sometimes constipated. 
On examination the child was seen to be a typical Mongol. 


The abdomen was protuberant 
but peristalsis was not observed. 


There was a noticeable swelling stretching across the abdomen 
from the left hypochondrium, passing below the umbilicus and ending on the right side. It 
was not very resonant, fairly superficial, comparatively soft and did not seem to pit. During 
the examination the baby vomited through its nose ; the vomit smelt of sour milk. 


The question of operation was considered but rejected as the infant was very frail. Death 
took place six days later. 


Autopsy.—The cesophagus was apparently normal. The stomach was 
slightly dilated but the pylorus was normal. To the naked eye the gastric 
mucosa and the wall generally was normal. The duodenum measured 7-5 cm. 
in length and 5:25 cm. at the greatest breadth. It was somewhat boat shaped 
and was much dilated. The mucosa did not show any abnormality but there 
was slight thickening of the muscular coat. The peritoneal coat was apparently 
normal. Owing to the fact that the specimen had been excised from the 
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rest of the gut at the stenosed point it was impossible to give any idea of the 
size of the opening in the constricted portion. 


Case 2.—(Case notes by Dr. E. Holmes, Kendal.) Baby P., male. The baby appeared 
well on the first day of life and was fed on breast milk. Urine and meconium were passed. 
On the second day vomiting of green watery fluid commenced and sterile water with glucose 
was substituted. A glucose saline was also given and was repeated at 6-hourly intervals. On 
the third day the baby still vomited bile-stained fluid and the stools were green. The temperature 
rose to 102°2°. On the fourth day gastric lavage was instituted and it was noticed that the 
capacity of the stomach was much increased and that it was impossible to wash the returning 
Huid free from bile. Death took place on the fifth day. 


Avutopsy.—Only the thorax and abdomen were explored, and apart from 
the lesion in the alimentary tract the organs were normal. The stomach and 
pyloric orifice were apparently normal, the latter not being dilated. The 
duodenum was somewhat boat-shaped and was much dilated especially at its 
distal end. The measurements were 7:5 cm. in length, 1:3 em. in width. On 
opening up the duodenum it was found to contain a little undigested material 
and a considerable quantity of thin mucus ; its mucous membrane and wall 
were apparently normal, At the duodeno-jejunal flexure the lumen of the 
gut was occluded, the occlusion being complete although there was no inter- 
ruption in the continuity of the wall of the bowel. The rest of the small 
intestine, ceecum and ascending colon were all collapsed. 

Case 3.— Baby B., (from Dr. Lawrie). The baby was big at birth and there was a history 
of bilious vomiting. When the child was admitted to hospital on the fifth day of life, operation 
was not considered advisable owing to its general condition. With lavage the stools became 
more normal and the stomach contents became cleared. The child, however, was in a very 
weak condition and died without there being any opportunity for operative measures. 

The interest of this case lies in the autopsy record which showed that the 
condition was due to a band connected with blood vessels. The post mortem 
report, and the anatomical description for which we are indebted to Professor 
Stopford and Miss F. Howe, are appended. 


Avutopsy.—The stomach was greatly distended and on gentle manipulation 
ruptured immediately, discharging bile-stained contents. The pylorus was 
patent and showed no hypertrophy. The small intestine apart from the 
duodenum was collapsed and the large intestine appeared to be rather atrophic. 
The first and second parts of the duodenum were considerably dilated. There 
was a band in the mesentery passing across the distal end of the duodenum, 
anchoring it firmly to the posterior abdominal wall. On section and micro- 
scopical examination this band was shown to consist of connective tissue 
carrying minute branches of the superior mesenteric vessels and also containing 
lymphoid tissue. The band was continued downwards in the mesentery 
apparently as a vessel to supply the lower part of the ileum about 2} inches 
from the ileo-cecal junction. The duodenum beyond the band was collapsed 
and its diameter measured about one quarter that of the duodenum above the 
band, thus demonstrating that the stenosis was due to the presence of the band. 

Dissection. (Fig. 1 and 2.)—The superior mesenteric vessels (D) and 
accompanying nerves emerge from the lower border of the pancreas and cross 
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the distal part of the duodenum as it passes behind the root of the mesentery 
at (M). There is no pressure on the duodenum at this point. 

The duodenum in the region of the junction of its first, second and third 
parts is crossed by a firm rounded band (x) of about 3 mm. in diameter which 
arises from the superior mesenteric vessels. The band crosses the gut 
anteriorly and winds round its right border to its posterior surface. Here a 
portion of the band widens out into a rounded mass of lymphoid tissue (A) 
about 5 mm. in diameter, through which it obtains attachment to the posterior 
abdominal wall, thus anchoring down and constricting the duodenum. The 

















CASE 3: DIAGRAM REPRESENTING DISSECTION OF BAND. 
X=Constricting band. L= Vessels, continuous with band, running 
D=Superior mesenteric vessels. to supply terminal part of ileum. 

B= Duodenum dilated above stricture. M= Root of mesentery. 
H= Projecting loop of duodenum. A, J=Lymphoid tissue. 


portion of the band not blending with the lymphoid mass continues (L) down 
in the mesentery where it bifurcates and runs towards the terminal part of the 
ileum. 

In the region of the constricting band the duodenum has acquired a 
definite mesentery and becomes freely movable forming a short projecting 
loop (H). 

Histologically the band (X) is composed of connective tissue transmitting 
small bloodvessels and running alongside these a mass of lymphoid tissue. 
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The two elements, viz., lymphoid tissue and blood vessels, become continuous 
respectively with the lymphoid mass (A) and the vessels (L) running to supply 
the ileum. The mass (J) also consists of lymphoid tissue. 

CAUSE OF OBSTRUCTION.—Two factors seem to be concerned, the presence 
of a constricting band and the abnormal mobility of the duodenum. 

A band consisting of connective tissue carrying minute branches of the 
superior mesenteric vessels has arisen before the latter have crossed the third 

















PHOTOGRAPH ILLUSTRATING Case 3. 


S=Stomach. Y = Dilated duodenum. X= Band. 


part of the duodenum. The band has developed additional thickness due to 
the presence of lymphoid tissue. 

Such a band would be likely to produce stenosis but a second factor, 
namely, the mobility of the duodenum renders this more probable. The 
presence of lymphoid tissue which is usually found developmentally fixed 
to the posterior abdominal wall, together with the mobility of the duodenum, 
produces a balance in favour of pressure stenosis of the duodenum by the band 
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